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(57) Abstract 

A compound of formula (I), or a salt thereof, or a solvate thereof, wherein Ra represents a group R5 which is hydrogen, alkyl or 
optionally substiuitcd aryl and Rb represents a moiety of formula (a), wherein X represents a hydroxy or an alkoxy group wherein the 
alkyl group may be substitued or unsubstituted or X represents a group NRsRi wherein R, and Rt each independently represent hydrogen, 
alkyl. substituted alkyl. <^onally subslimted alkenyl, optionally substituted aryl. optionally substinitcd arylalkyl. an optionally substituted 
heterocyclic group or an optionally substituted heterocyclylalkyl group, or R, and Rt together with the nitrogen to which they are attached 
form a heterocyclic group; R| represents an alkyl or a substimted or unsubstituted aryl group; and Rj, R3 and R4 each independently 
represent hydrogen, alkyl, aryl or substituted aryl; R6 and R7 each independently represent hydrogen, hydroxy, amino, alkoxy. c^tionally 
substituted aryloxy. optionally substituted benzyloxy. alkylamino, dialkylamtno, halo, trifluonmiethyl, trifluoromcthoxy. nitro. alkyl. carboxy. 
carbalkoxy, carbamoyl, alkylcaibamoyl, or Re and R? together represent methylenedioxy, carbonyldioxy or carbonyldiamino; and Rs 
represents hydrogen, hydroxy, alkynoyi, alkyl, aminoalkyl, hydroxyalkyl. carboxyalky, carbalkoxyalkyl. carbamoyl or aminosulphonyl; a 
process for preparing such a compound, a pharmaceutical composition containing such a compound and the use of such a compound in 
medecine. 
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INDOLE DERIVATIVES FOR THE TREATNfENT OF OSTEOPOROSIS 



This invention relates to certain novel compounds, to a process for preparing such 
compounds, to pharmaceutical compositions containing such compoimds and to the use 
of such compounds and compositions in medicine. 

Co-pending International Application, application number PCT/ EP96/ 001 57, 
publication number WO 96/21644, discloses certain indole derivatives of formula (A): 
formula (I): 



10 '^'b (A) 

or a salt thereof, or a solvate thereof, wherein 

either: (i) R'a represents a group R's which is hydrogen, alkyl or optionally substituted 
aryl and R'b represents a moiety of formula (a'): 



R'4 R' 



I 



2 



OR', 



^c=c— c=c 

15 O (a-) 

wherein X' represents a hydroxy or an alkoxy group wherein the alkyl group may be 
substituted or unsubstituted or X' represents a group NR t wherein R'g and Rt each 
independently represent hydrogen, alkyl, substituted alkyl, optionally substituted alkenyl, 
optionally substituted aryl, optionally substituted arylalkyl, an optionally substituted 

20 heterocyclic group or an optionally substituted heterocyclylalkyl group, or R ^ and R't 
together with the nitrogen to which they are attached form a heterocyclic group; R j 
represents an alkyl or a substituted or unsubstituted aryl group; and R*2, R'3 and R4 each 
independently represent hydrogen, alkyl, aryl or substituted aryl 
or (ii) R'a represents a moiety of the above defined formula (a) and R'b represents the 

25 above defined R'5 ; 

Rg and R7 each independently represents hydrogen, hydroxy, amino, alkoxy, optionally 
substituted aiyloxy, optionally substituted benzyloxy, alkylamino, dialkylamino, halo, 
trifluoromethyl, trifluoromethoxy, nitro, alkyl, carboxy, carbalkoxy, carbamoyl, 
alkylcarbamoyl, or R5 and R7 together represent methylenedioxy, carbonyldioxy or 

30 carbonyldiamino; and 
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R'8 represents hydrogen, hydroxy, alkanoyl, alkyl, aminoalkyl, hydroxyalkyl 
carboxyalkyl. carbalkoxyalkyi, carbamoyl or aminosulphonyl, which compoiinds are 
mdicated interalia to reduce bone resorption by inhibiting osteoclast H+.ATPase 

Diseases associated with loss of bone mass are known to be caused by over 
activity of osteoclast cells. It is also known that certain compounds, usually related to 
bafilomycm, are useful for treating such diseases: For example International Patem 
Application, publication number WO 91/06296 discloses certain bafilomycin macrolides 
for the treatment of bone affecting diseases. 

However, bafilomycin derivatives are not selective for osteoclasts in humans The 
use of these compounds is therefore associated with unacceptable toxicity due to 
generalised blockade of other essential v-ATPases. Indeed, to date there is no known 
treatment which is selective for the human osteoclasts. 

The seareh for a successful treatment for diseases associated with loss of bone 
mass m humans is further complicated in that the nature of the therapeutic target for the 
selective inhibition of the osteoclasts is controversial. Thus Baron et al (International 
Patem Application publication number WO93/0I280) indicate that a specific vacuolar 
ATPase (V-ATPase) has been identified in osteoclasts as a potential therapeutic target 

27'X' it "^"^ " ''"^^"^ M-eral 

27, 1994, I59-166),mastudy relating to mammals, conclude that in contrast to avian 
o^eoclast V-ATP^e, mammalian osteoclast V-ATPase is pharmacologically similar to 
the v-ATPase m other cells and. therefore, it is unlikely to be a good therapeutic target 
0^/. 1 ^ compounds from within the scope of WO 

96/2 1 644 which are especially selective for mammalian osteoclasts, especially human 
osteoclasts, acting to selectively inhibit dieir bone resorbing activity. TT^ese compounds 
are therefore considered to be particularly useful for the treatmem and/or prophylaxis of 
diseases ^sociated with loss of bone mass, such as osteoporosis and related osteopenic 
diseases. Pagefs disease, hyperparathyroidism and related diseases. These compounds 

Senark Forest, Ves^cular Stomatitis, Newcastle Disease, Influenza A and B, HIV viLes) 
a^^cer a^vity (for example the compounds may be useful for the treatment of chronic 
gas^tis and peptic ulcer induced by Helicotacter pylori), immunosupressant activity 
antiUpidenuc activity, antiatherosclerotic activity and to be useful for the treatment of' 

useful m mhibitmg angiogenesis. i.e. the fomiation of new blood vessels which is 
observed in various types of pathological conditions ^angiogenic diseases) such as 
riieumatoid arthritis, diabetic retinopathy, psoriasis and solid tumours 
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Accordingly, in its broadest aspect the the present invention provides a selective 
inhibitor of the biological activity of human osteoclast cells, in particular the bone 
resorption activity of human osteoclast cells associated with abnormal loss of bone mass, 
providing that such an inhibitor does not include any specific Example disclosed in WO 
5 96/2 1 644. In a further aspect the invention provides a selective inhibitor of the biological 
activity of human osteoclast cells, in particular the bone resorption activity of human 
osteoclast cells associated with abnormal loss of bone mass, providing that such an 
inhibitor does not include a compound of the hereinbefore defined compound of formula 
(A). A particular inhibitor of human osteoclast cells is a selective inhibitor of the vacuolar 

10 H^-ATPase located on the ruffled border of human osteoclasts. 

In one particular aspect the selective inhibitor interacts specifically with the 16 
kDa subunit of the vacuolar H'^^-ATPase located on the ruffled border of human 
osteoclasts whose function and structure is similar to other known 1 6 kDa subunits, for 
example that reported in P. C. Jones et ah. Membrane Dynamics and Transport, 22, 805- 

15 809(1994). 

In a further particular aspect, the selective inhibitor interacts specifically with the 
1 16 kDa subunit of the vacuolar H+-ATPase located on the ruffled border of human 
osteoclasts (for example the protein reported in Y-P. Li et al., Biochem. Biophys. Res. 
Commun, 218, 813-821 (1996)). 
20 In particular, the invention provides a compound of formula (I): 



Re 




N R, 

Rb (I) 



or a salt thereof, or a solvate thereof, wherein 

Ra represents a group R5 which is hydrogen, alkyl or optionally substituted aryl and Rb 
25 represents a moiety of formula (a): 

OR, 

^c=c— c=c 

° (a) 
wherein X represents a hydroxy or an alkoxy group wherein the alkyl group may be 
substituted or unsubstituted or X represents a group NRgRt wherein Rg and R^ each 
30 independently represent hydrogen, alkyl, substituted alkyl, optionally substituted alkenyl, 
optionally substituted aryl, optionally substituted arylalkyl, an optionally substituted 
heterocyclic group or an optionally substituted heterocyclylalkyl group, or Rg and R^ 
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together with the nitrogen to which they are attached fonn a heterocyclic group- R, 
represents an aikyl or a substituted or unsubstituted aiyl group; and R2, R3 and R4 each 
independently represent hydrogen, aikyl, aryl or substituted aryl 
R6 and R7 each independently represents hydrogen, hydn,xy, amino, alkoxy, optionally 
5 -^st,tutedan.loxy. optionally substi^^^ ' 
tnfluoromethyl, tnfluoromethoxy, mtro, aikyl, carboxy. carbalkoxy. cari^moyl 
alkylcarbamoyl. or and R7 together represent methylenedioxy, cariK)nyldioxy or 
carbonyldiamino; and 

Rg represents hydrogen, hydroxy, alkanoyl, aikyl, aminoalkyl, hydroxyalkyl 
1 0 carboxyalkyi, carbalkoxyalkyl. carbamoyl or aminosulphonyl. 

In one aspect R, represents aikyl or substituted or unsubstituted phenyl 
Suitably R] represents aikyl. 

Favourably, R, represents a C, ^-alkyl group, for example methyl or ethyl 
Preferably, Rj represents methyl. 

" phenyl.'" ''^'^'^>y "y^ogcn. ^1 or 

Examples of R2 include hydrogen and methyl. 
Suitably, R2 represents hydrogen. 
Examples of R3 include hydrogen and methyl or ethyl. 
20 Suitably, R3 represents hydrogen. 

phenyl.^'^'''^' ^^"^ ^^''^ ""^ "^P"'^^^"^ ^^^^^g^" ^^1 

Suitably, R4 represents hydrogen. 

25 phenyl.'" """^ " '^'^ "^<^y- <««ubai««d 

Suitably, R5 is hydrogen. 

'°"'=»^'»=''^»"<'R7 each independently «p,«,en« hydrogen, hydroxy 
30 «n™,. Ikoxy. optionally substoted phenyloxy, optionally substit.««, be^loxy 
^lamtno. dialkyhnrino. halo, ttfluotomefltyl, nitro. aikyl. carboxy, cartaLxy 
carhamoyl. ,llcylcarbanK,yl, or ami R, .og«her rept^en, „«,hylLd,oxy 
carbonyldioxy or carbonyldiamino. 

35 niuo, a^"!:;^r '^-^"^-^ '-•^^^ ^^o.y. halo. tHfluoro^ethyl. 
exan.ple'!!:!^ '^'^^ """"^ ^"^ ^"""'^ ^ ^'-^ "'""'^ 
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When or R7 represents halo, said halo group is suitably a fluoro, chloro or 
bromo group, especially a chloro or bromo group. 

When Rg or R7 represents alkyl, said alkyl group is suitably a Cj.g alkyl for a 
example butyl group. 

5 Suitable positions for substitution for R^ or R7 are the 4, 5, 6 or 7 position, 

favourably the 5 or 6 position. 

When neither of R^ or R7 represent hydrogen then favoured positions for bis- 
substitution are 5 and 6 positions. 

Favoured values for R5 and R7 are hydrogen, halo, trifluoromethyl and alkoxy. 
10 In one aspect R5 is hydrogen and R^ or R7 represents hydrogen alkoxy, halo, 

nitro, trifluoromethyl and alkyl. 

In a further aspect R^ and R7 are each selected from hydrogen, halo and alkoxy, 
examples include: R5 is halo and R7 is halo; R5 is halo and R7 is alkyl; R5 is alkoxy and 
R7 is alkoxy. 

IS In a preferred aspect R^ is halo, especially S-halo, and R7 is halo, especially 6* 

halo. 

Most preferably R5 is chloro, especially S-chloro, and R7 is chloro, especially 6- 

chloro. 

Examples of Rg include hydrogen, methyl and t-butoxycarbonylmethyL 
20 A further example of Rg is a carboxymethyl group. 

Suitably, Rg represents hydrogen. 

When X represents an alkoxy group, the alkyl group thereof is preferably an 
unsubstituted alkyl group. 

Suitably, X represents the above defmed group N Rg Rt* 
25 In one aspect, Rg and R^ each independently represent hydrogen, alkyl, substituted 

alkyl, optionally substituted alkenyl, optionally substituted aryl, optionally substituted 
arylalkyl, an optionally substituted heterocyclic group or an optionally substituted 
heterocyclylalkyl group. 

R3 and Rt can also each independently represent cycloalkyl or substituted 
30 cycloalkyl. 

In a further aspect, R^ and Rt together represent a heterocyclic group. 

When Rg or Rt represent alkyl or substituted alkyl, suitable alkyl groups are Ci^g 
alkyl groups, for example Ci , C2, C3, C4 and C5 alkyl groups, favowably ethyl, propyl 
or butyl. 

3S When R^ or R^ represent substituted alkyl, favoured groups are 2- 

(dialkylamino)ethyl or 3-(dialkylamino)propyl or 4-(dialkylamino)butyl or 
heterocyclylmethyl or heterocyclylethyl or heterocyclylpropyl groups. 
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A further favoured group for or is heterocyclylalkyi, especially 
heterocyclyl- 

Ci^ alkyl, in particular heterocyclyl.(CH2)2- or heteiocycIyl-(CH2)3- 
One favoured heterocyclyl substituent for alkyl groups, such as 
heterocyclylmethyl. heterocycJylethyl or heterocyclylpropyl groups include piperazinyl 



Further favoured heterocyclyl substituents for alkyl groups, such as 
heterocyclylmethyl. heterocyclylethyl or heterocyclylpropyl groups include 

homopiperazinyj groups. 

10 When R, or R, ,ep,«e„, cyeloalkyl or substoted cyolodkyl, auuble cycloalkvl 

gmups a,. C5.9 cycloalky. groups, for example a cyclopenty, or cyclohexy, J„p ' 
When R, or R, represent alkenyl or substin^ted aUcenyl, suiuble alkenyl groups ^ c, « 
alkenyl groups, for example a C5 alkenyl group. P ^2^ 

15 groups,**" " ^' - Pfc^yl 

In one favoured aspect Rt is hydrogen. 

Suitable heterocyclic groups include single ring saturated heterocyclic groups 
single nng unsaturated heterocyclic g«,ups. fused ring heterocyclic groups 

Fused nng heterocyclic groups include spiro heterocyclic groups 
Suitable single ring unsaturated heterocyclic groups comprise 5- 6- or 7- 
membered rings. . / 

d.ie„ , V'"""'"™' "»e "^•"i hettmcyelic groups are furanyl 
*.e„yl. py^olyl, pyr^lyl. u„ya.olyl. uiazolyl, tt«a,lyl, oxazoly,, isoxazolyl 
funjzanyl, auazolyl and i«„H,a«,ly. groups; or partially sanualed deriv«iv.s .^f 

5 suchas4.5^ihydro-,,3.«a^,.2.y|. .H-imidazolinyl, Pynolinyl. Pyrazol^^kvl 
■awazolinyl, thiazolinyl groups. •«"«nyi, oxazolmyl. 

Suitable 6-men,bered single ring unsanuated heteroeyclic groups are pyridyl 
pynrntdmyl pyridazinyl. py,.^nyl, triazinyl, tetrazinyl, 1,2- or 1.3- or 1.4-olinyl' 1 2- 

i:t;:i:i!:xcsr;;'^-"^'"'^^^^^^ 

pyridin.2::::ry W*-"™^" ''■^ — ^"P a 

; ox, ■ ^^'^ '-"""^ ""8 """"^ heten>cyclic groups are azepinyl 
1 1^""'-, oxa^pinyl orpardally saturated d«iva.ives ,Z 

rings. ™* "■"P^- «- - -mbered 
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Suitable 5*meinbered single ring saturated heterocyclic groups are pyrrolidinyl, 
imidazolidinyl, pyrazolidinyl, oxazolidinyl, isoxazolidinyl and terahydroftiranyl groups. 

Suitable 6-membered single ring saturated heterocyclic groups are piperidinyl, 
piperazinyl, tetrahydropyranyl, 1 3-dioxacyclohexyl, tetrahydro-l,4-thiazinyl, 
5 morpholinyl and morpholino groups. 

Suitable piperazinyl groups are 1 -piperazinyl groups, especially 1 -piperazinyl 
groups substituted in the 4 position with an acyl group, suitably a phenylcarbonyl group, 
or a heterocyclic group, such as a pyrimidyl group, or an optionally substituted phenyl 
group, such as a phenyl group with 1, 2, or 3 subsitutents selected from alkoxy and 
1 0 halogen. 

Suitable 7-membered single ring saturated heterocyclic groups are 
hexamethyleniminyl, oxepanyl and thiepanyl. 

Suitable fused ring heterocyclic groups include fused saturated rings, fused 
unsaturated rings and saturated rings fused to unsaturated rings. 
1 5 Preferred fused ring heterocyclic groups include those comprising two or three 

rings wherein each ring comprises 4 to 8 ring atoms including 1, 2 or 3, especially I or 2, 
hetero atoms. 

Suitable hetero atoms are nitrogen atoms. 

Suitable groups having fused saturated rings are polycyclic groups wherein the 
20 rings share a single atom, one bond or more than one bond, for example 2 bonds or three 
bonds. Suitable groups having fused saturated rings are quinuclidyl, 8- 
azabicyclo[3.2.1]octyl, 9-azabicyclo[3.3.1]nonyl, l-azabicyclo[3.3.3]undecyl, 1,9- 
diazabicyclo[3.3.1] and l,5-diazabicyclo[3.3.1]nonyl groups. 

Further suitable groups having fused saturated rings are decahydro-pyrrolo[2.1.5- 
25 cdjindolizinyl, octahydroindolizinyl, octahydro-2H-quinolizinyl and 
tricyclo[3.3.1.1^'']decyl groups. 

A further suitable group comprising a fused saturated ring is a nonyl 1- 
azabicyclo[3.3.1]nonyl, 3,7-diazabicyclo[3.3.1]nonyl group. 

Suitable groups having fused imsaturated rings are pyrazo[3.4-d]pyrimidinyl, 
30 1 ,2,5-thiadiazolo[3,4-b]pyridyl, isoxazolo[4,5-b]pyridyl, thiazolo[4,5-b]pyridyl, 
oxazolo[4,S-d]pyrimidinyl, 7H-purin-2-yl, quinolyl, isoquinolyl, benzo[b]thienyl, 
benzofiiranyl, isobenzofuranyl, benzoxazolyl, benzothiazolyl, indolizinyl, indolyl, 
isoindolyl, indazolyl, phthalazinyl, naphthyridinyl, quinoxalinyl, quinazolinyl, cinnolinyl, 
pteridinyl and p-carbolinyl groups. 
3S Suitable groups having saturated rings fiised to unsaturated rings includes groups 

which are fused to benzene rings such as tetrahydroquinolyl, 4H-quinolizinyl, 
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5 



tetrahydroisoquinolyl. dihydrobenzofutyl, chromenyl. chromanyl, isochromanyl, 
indolinyl and isoindolinyl groups. 

Suitable spiro heterocyclic groups include oxaspiro[4.5]decyl. a2aspiro[4.5Jdecyl 
l,2,4-tnazaspiro[5.5]undecyl. 1.4^ioxa-9-a2aspiro[4.7]dodecyl and 1- 
azaspiro[5 .5]undecyl . 

Suitable values for include hydrogen, C1.5 alkyl. mono- di- and tri- 
hydroxyalkyl, alkoxyalkyi, carboxyalkyl, carbalkoxyalkyl. bisphosphonylalkyl 
(substituted)amino-carboxyalkyl, biscarbethoxy-hydroxyalkenyl, 
dialkylaminoalkylpyridyl. mono- di- and tri-alkoxypyridyl, dialkylaminoalkoxypyridyl 
aryloxypyridyl, aminopyridyl, substituted piperazinyl, quinuclidyl. saturated 
heterocyclylalkyi, substituted piperidinyl. (di)azabicycloalkyl, substituted phenyl 
substituted benzyl, substituted phenylethyl. I-imidazolylalkyI, thiazolinyl (2- 
tetrahydroisoquinolinyDalkyl, lH.pyrazolo[3,4-d]pyrimidin-4-yl, 7H-purin-2-yl 
pyndylalkyl. (2-pyrimidinyl)piperazin-I-ylalkyl, substituted pyridazinyl, substituted 
pyiazmyl, substituted pyrimidinyl, quinolyl. isoquinolyl, tetrahydroisoquinolyl 
tetrahydroquinolyl. 

Other suitable valuse for Rs include . (4-substituted)pipera2inoalkyl and 
aminopyrimidiniyl. 

Preferred values for Rs include diethylaminopiopyl, 3-amino-3-carboxypropyl 4- 
ammo^carboxybutyl. S-pyridyl, diethylaminoethyl. S^iuinuclidyl (or 1- 
azabicyclor2.2.2]octan-3.yl). morpholinopropyl, piperidinopix,pyl. l.methyI-2. 
pyrrohdinylethyl, 2,2,6,6-tetramethyl-l.piperidinyl. 2-mcthoxy-5-pyridyl 2- 
methylpiperidinopropyl, 8-methyI-8-azabicyclo[3.2J]oct-3p-yl, l.me%^^^^ 
IH-pyrazolo[3,4-d]pyrimidin-4-yl, 2,2,5,5-tetramethyI.3.pyrrolidinylmethyl, 2.methox3;- 
4-pyndyI, l-ethyl-3. piperidinyl, 3-[4-(2.pyrimidinyl)piperazin-l.yl]propyl 

Other preferred values for R^ include dimethylaminopropyl. dibutylaminopix,pyl, 
2-methoxy-pynmidm-5-yl, 3-[4-(3-chlorophenyI)piperazin-l-yl]propyl 3-[4-(2- 
phenyl)piperazin.l.yl]propyl,3-[2,6-dimethyl.4-(2-p^^^^^ 

3Ki«nethylamino-cyclohexyl. l-(2.hydroxyethyl)-2,6-dimethylpiperidin-4-yl, 8a PH-5a- 

methyl-octahydroindoIizin-7a-yl, 3-[4-(2-pyridyl)piperazin-l-yl]propyl 3-[4-(2- 

methoxyphenyl)piperazin.l-yl]propyl and 3-I4-(2-pyrimidinyI)homopiperazin-l- 
yljpropyl]. 

Other preferred values for R^ include U,2.6.6-pentamethyl-4-piperidinyl 1 2 6- 
trimethyM-piperidinyl and 1.2.2,6-tetramethyl-4-piperidinyl groups 

Suitable values for R, include hydrogen, methyl. C2_5 alkyl, 2.hydroxyethyl 2- 
methoxyethyl. carboxymethyl. carbomethoxymethyl, 4-hydroxybutyl and 2,3- ' 
dihydroxypropyl, especially hydrogen. 
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In one preferred aspect Rt represents hydrogen. 

A particular 6 membered single ring unsaturated heterocyclic group is a moiety of 
formula (HI): 



5 




(H1) 



wherein Z\ is N or CX5 wherein X5 is selected from hydrogen, alkyl, alkoxy, 
alkylcarbonyl, aiyl, aryioxy or arylcarbonyl and Z2, X3 and X4 are each independently 
selected from hydrogen, alkyl, aryl, cyano, amino, heterocyclyloxy, alkoxy 
carbonylalkyloxy, carboxyalkyloxy, aminoalkyloxy, aminoalkylamino, 

10 aminoalkenylamino (especially aminomethyleneamino) and alkanoylamino. 

A particularly preferred compoimd of the invention is a compound of formula (I) wherein: 
Ra is a group R5 wherein R5 is as defmed in relation to formula (I); R^^ is a moiety of 
formula (a) wherein Ri , R2, R3 and R4 are as defmed in relation to formula (I) and X is a 
moiety NRg Rt wherein R^ is a group (HI) as defined above, and R^ is hydrogen. 

15 A favoured moiety NR^Rt is an optionally substituted piperidinyl group, especially 

wherein one of the substituents is an N-alkyl group. 

Particular substituents for piperidinyl groups are alkyl groups, especially when 
attached to one or, favourably, both of the carbon atoms alpha to the ring nitrogen atom. 
Piperidinyl groups of especial interest are those wherein one or, favourably, both 

20 of the carbon atoms alpha to the ring nitrogen atom are substitued with one or, 
favourably, two alkyl groups. 

Further particular substituents for piperidinyl groups are alkylene groups, 
especially when attached to one, favourably both, of the carbon atoms alpha to the ring 
nitrogen atom. 

25 A particular 6 membered, saturated heterocyclic group is a group of formula (H2): 




(H2) 



wherein Xg, X7, Xg, X9. X\o,X\\,X\2 and X] 3 are each independently selected from 
30 hydrogen, hydroxy, alkyl, suitably C1.6 alkyl, cycloalkyl (including spirocondensed), 
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25 



30 



35 



mono or poly hydroxyalkyi. alkoxyalkyi, hydroxy-alkoxyalkyl, alkanoyl, alkoxycarbonyl 
ammoalkyl (optionally alkylated or acylated at nitrogen); 

or one of Xg with and Xg with X,o represents a Cslj alkylene chain and the 
remaining variables X7, X,3, X9 and X, , each independently represent hydrogen 
5 hydroxy alkyl , suitably C,., alkyl. cycloalkyi (including spirocondensed), mono' or 
poly hydroxyalkyi, alkoxyalkyi, hydroxy-alkoxyalkyl, alkanoyl, alkoxycarbonyl 
ammoalkyl (optionally alkylated or acylated at nitrogen); and X,4 repiesents hydrogen or 
alkyl, especially C1.6 alkyl, mono or polyhydroxyalkyl, mono or diaminoalkyl 
aminocarbonyl, alkylcarboxyalkyl. carbalkoxyalkyl, aryl, heterocyclyl, acyl, caibamoyl 
10 alkylamino(cyanimidoyl), aminoalkanoyl, hydroxy alkanoyl. 

Suitably, X6, X7, X12 and X13 each represent hydrogen. 

Suitably. Xg. and X9 each independently represent hydrogen or alkyl, especially 
alkyl, for example methyl. 

15 alkyl, for example methyl , ^pcciauy 

Suitably, X,4 represents alkyl, for example methyl 

In one preferred aspect Xg, X9, X,o and X, , each independently represent alkyl 
especially methyl, and X6,X7,X,2 and Xn each repiesent hydrogen 

10 alkyl, especially methyl, and X^, X7, X,2 and X,3 each repn^t hydrog Jand Xm 
represents alkyl, especially methyl. 

A preferred compound of the invention is a compound of formula (I) wherein R« 
IS a group R5 wherein R5 is as defined in relation to fonnula (I); R^, is a moiety of 
formula a) wherein R, , R2, R3 and R4 are as defined in relation to fonnula (I) and X is a 

rr ^^^^ ^ «^ " <^ ^^«-<i below, especially a mol^ 

(f) wherein k is «ro and Ho is a moiety (a) as defined below, or a moiety (H 1 'or (H2) as 

?mTl R "^^''^ " ^ Of fom^ula (HiVor 

(H2) and R^, R7 and Rg are as defmed in relation to fonnula (I) 

wheiem Ra is a group R5 wherein R5 is as defined in relation to fonnula (I)- Ru is a 
moie^ of formula (a) whe«in R, . R^, R3 and R4 are as defined in relation io fonnula 0) 
and X IS a moiety NR^ R^ wherein R3 is a group (H2), as defined above, and R^ is 
hydrogen and R^. R7 and Rg are as defined in relation to fonnula (I) 
n.etH .""'Pf ""'^'"^"*'°""«»»»^<'°™PO"«d«whereinR, is Cj.^ alkyl. especially 
methyl R2, R3, R4 and Rg are hydrogen. R, is S-halo, especially 5-chloro, R7 is e-halo 
especially 6- chloro, and X is a moiety NR3R, wherein R, is hydrogen and R^ s ^ 
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of formula (f) defined below or a moiety (HI) or (H2) as defined above, suitably wherein 
Rs is a moiety of formula (HI) or (H2). 

Of particular mention are the compounds wherein Ri is Ci^g alkyl, especially 
methyl, R2, R3, R4 and Rg are hydrogen, R5 is 5-halo, especially 5-chloro, R7 is 6-halo, 
5 especially 6- chloro, and X is a moiety NRgRt wherein R^ is hydrogen and Rs is a moiety 
(f), especially a moiety (f) wherein k is zero and Hq is a moiety (a). 

Of particular mention are the compounds wherein R] is C j^g alkyl, especially 
methyl, R2, R3, R4 and Rg are hydrogen, R5 is 5-halo, especially 5-chloro, R7 is 6-halo, 
especially 6- chloro, and X is a moiety NRgRj wherein R^ is hydrogen and Rs is a moiety 
10 (Hi). 

Of particular mention are the compounds wherein Rj is Cj.^ alkyl, especially 
methyl, R2, R3, R4 and Rg are hydrogen, R5 is S-halo, especially 5-chloro, R7 is 6-halo, 
especially 6- chloro, and X is a moiety NRgRt wherein R^ is hydrogen and Rs is a moiety 
(H2). 

1 S Particular examples of the invention are the compounds of example numbers 1 , 

31,32 34, 35, 47, 48, 51, 55, 56,59, 61, 62, 63, 68, 74 and 75. 

Most particularly should be mentioned the compounds of example numbers 1, 55, 
62, 68, 74 and 75. 

The present invention does not encompass the examples per se of above 

20 mentioned co-pending International Application, application number PCT/EP96/0015 
publication number WO 96/2 1 644. Thus each of the examples of WO 96/2 1 644 
numbered 1 to 104 and each of the examples disclosed on page 50 are excluded from the 
present invention. Thus the invention excludes Examples 49, 51, 53, 59, 67, 69, 83, 84, 
97 and 100 of WO 96/21644. Also, the invention excludes examples 33, 44, 48, 57, 65, 

25 73, 91, 95, 98, 99, 101 and 10 of WO 96/21644. In addition the invention excludes 
examples 47, 56, 66 and 70 of WO 96/21644. 

As used herein, the term "alkyl" includes straight or branched chain alkyl groups 
having from 1 to 12 , suitably 1 to 6, preferably 1 to 4, carbon atoms, such as methyl, 
ethyl, n- and iso- propyl and n- iso-, tert-butyl and pentyl groups, and also includes such 

30 alkyl groups when forming part of other groups such as alkoxy or alkanoyl groups. 

Suitable optional substituents for any alkyl group include hydroxy; alkoxy; a 
group of formula NRyRy wherein R^ and Ry each independently represent hydrogen, 
optionally substituted alkyl, optionally substituted cycloaUcyl, optionally substituted aryl, 
optionally substituted arylalkyl, optionally substituted heterocyclyl, optionally substituted 

35 heterocyclylalkyl, carboxy, carboxyalkyl, or alkoxycarbonyl, nitro, or R^ and Ry together 
with the nitrogen to which they are attached form an optionally substituted heterocyclic 
ring; carboxy; alkoxycarbonyl; alkoxycarbonylalkyl; alkylcarbonyloxy; alkylcarbonyl; 
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10 



15 



20 



reoresem ^T"'' each independently 

represent hydrogen, optionally substituted aryl, optionally substituted arylalkyl 
optionally substituted heterocyclyl. optionally substituted heterocyclylalkyl or R and R 
^.w^nitroeentowhichthey 



Rs°'Rfepr«»ntssubslitutedalkyl, especially Cm alkyl particular 
subsntuem values a,. U,e »„ie.ies of formulae (a), (b). (c). (d) ai^(e): 



Ru 

-CHj— A-N 

(a) Rv 




(b) ^^N 



(c) 




N-R, 



PO(OR,), 
-CHj— A-|-OH 
(d) PO(OR,)j 



•CO,R, 



(e) ^C02R8 



25 



C '71^^^^^^ ^t" "'^''^ ^ ' ^ 1 - ^^lene, suitably 

Ci 4 alkylene, and R^, R^,, R^, Rj, R,, Rf and Rg each independently «p,;sent 

hydrogen alkyl, optionally substituted ary, or an optionally substituted heZyclic 
groupandRu and Rv are as defined above. ea neierocyclic 

One suitable alkyl substituent value is moiety (a). 

One suitable alkyl substituent value is moiety (b). 

One suitable alkyl substituent value is moiety (c). 

One suitable alkyl substituent value is moiety (d). 

One suitable alkyl substituent value is moiety (e). 
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In moiety (a), one preferred value for NRyRv is a l-piperazinyl group, preferably 
substituted in the 4 position with an acyl group, suitably a phenyicarbonyl group, or a 
heterocyclic group, such as a pyrimidyl group, or an optionally substituted phenyl group, 
such as a phenyl group with 1 , 2 or 3 subsitutents selected from alkoxy, alky I, 
5 trifluoromethyl, and halogen, for example chlorine and methoxy. 

Thus one preferred value of or Rt is a moiety of formula (f): 



-(CH2)k-(Ho) (0 

10 

wherein k is zero and Hq is a moiety (a) or k is an integer 2 or 3 and Hq is a moiety (b), 
(c), (d) and (e). 

Preferably in moiety (f), k is zero and Hq is a moiety (a). 

As used herein, the term "alkenyl" includes straight or branched chain alkenyl 
1 5 groups having from 2 to 12 , suitably 2 to 6 carbon and also includes such groups when 
forming part of other groups, an example is a butenyl group, such as a 2-butenyl group. 

Suitable optional substituents for any alkenyl group includes the alkyl substituents 
mentioned above. 

As used herein, the term "aryl" includes phenyl and naphthyl, especially phenyl. 
20 Suitable optional substituents for any aryl group include up to 5 substituents, 

suitably up to 3 substituents, selected from alkyl, substituted alkyl, alkoxy, hydroxy, 
halogen, trifluoromethyl, acetyl, cyano, nitro, amino, mono-and di-alkylamino and 
alky Icarbony lamino . 

Preferred optional substituents for any aryl group are selected from isobutyl, 
25 hydroxy, methoxy, phenoxy, diethylaminoethoxy, pyrrolidinoethoxy, carboxymethoxy, 
pyridyloxy, fluoro, chloro, amino, dimethylamino, aminomethyl, morpholino, 
bis(carbethoxy)hydroxymethyl. 

Suitable arylalkyl groups include aryl-Ci.3-alkyl groups such as phenylethyl and 
benzyl groups, especially benzyl. 
30 Preferably, substituted aralkyl groups are substituted in the aryl moiety. 

As used herein, the terms "heterocyclyl" or "heterocyclic" include saturated or 
unsaturated single or fiised, , ring heterocyclic groups, each ring having 4 to 1 1 ring 
atoms, especially 5 to 8, preferably 5, 6 or 7 which ring atoms include 1, 2 or 3 
heteroatoms selected from O, S, or N. 
35 As used herein 'fiised ring heterocyclic group* includes polycyclic heterocyclic 

groups which share a single atom, such as a spiro ring system, one bond, as in an 
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octahydroindolizinyl group, or more than one bond, as in an azabicyciof3.2 1 loct-S-aloha 
yl group. ^ 

Suitable optional substituents for any heterocyclyl or heterocyclic group include 
up to 5 substituents. suitably up to 3 substituents, selected from alky], substimted alkyl 
alkoxy, hydroxy, halo, amino, mono- or di-alkyl amino, alkoxycarbonyl, hydroxyalkyl ' 
alkoxyalkyl, hydroxyalkoxyalkyl. alkoxyalkyloxyalkyl, aryl, aryloxy and heterocyclyl ' 

Preferred optional substituents for any heterocyclyl or heterocyclic group are 
selected from isobutyi. hydroxy, methoxy, phenoxy, diethylaminoethoxy 
pyiTolidinoethoxy, carboxymethoxy. pyridyloxy, fluoro. chloro, amino, dimethylamino 
ammomethyl, morpholino, bis(carbethoxy)hydroxymethyl. 

l"^^ ^P^^'^ ^^b^tuents for any heterocyclyl or heterocyclic group include up 
to 5, smtebb^ up to 3, substituents selected from the list consisting of: isopropyl, cyano 
0X0, aiylcaAonyl, heterocyclyloxy, alkoxyalkoxy, alkoxycarbonylalkyloxy 
carboxyalkyloxy. aminoalkyloxy, aminoalkylamino, aminoalkenyiamino (especially 
ammomethyleneamino). alkanoylamino, alkoxyamino, aiyl, acetamido 2- 
(d,methylamino)ethylamino.2-methox^ 3-carboxyprop-2-oxy Ind 2-pyrazinyl 

Additional optional substituents for any hetrocyclyl or heterocyclic group include 
up to 5, smtably up to 3, substituents selected from the list consisting of 
carbonylaminoalkyl. aminocarbonyialkyi and alkylcarbonylaminoalkyl 

For the avoidance of doubt a reference herein to "heterocyclic" includes a 
reference to "heterocyclyr. 

M used herein, the u™, W Mudes fluoro, chloro, bromo and iodo, suitably 
fluoro and chloro, favourably chloto. 

Certain of the carbon atoms of the compounds of formula a) - such as those 
compounds whetein R, -R, comains chinU alkyl chains are chiral carbon atoms and may 
ftetefore ptov-de s.ere.isome„ of the compound of formula a). The invention extends !, 
all stereotsomenc fonns of the compounds of fotmula (1) including en«,tiomers and 
miaures thereof, includmg n«»mates. The differem stereoisomeric forms may be 
sepa^ted or resolved one from the other by conventional methods or any given isomer 
may be obtamed by conventional steieospecific or asymmetric symheses 

•n.e compounds of fomiula © also possess two double bonds and hence can exist 
.n one or more geometric isomers. The invention extends to all such isomeric forms of 
the compounds of formula fl) includmg mixtures thereof TTie differem isomeric forms 
may be separated one from the other by conventional methods or any given isomer may 
be obtamed by convcndonal synthetic methods. Suitable salts of the compounds of J 
fonnula (I) are phannaceutically acceptable salts. A prefeired isomer is flte 2Z 4E 



isomer. 
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Certain of the compounds herein can exist in various tautomeric forms, for 
example when hydroxy is a substituent on an aryl or heteroaiyl ring; it is to be understood 
that the invention encompasses all such tautomeric fomis. 

Suitable pharmaceutically acceptable salts include acid addition salts and salts of 
5 carboxy groups. 

Suitable pharmaceutically acceptable acid addition salts include salts with 
inorganic acids such, for example, as hydrochloric acid, hydrobromic acid, 
orthophosphoric acid or sulphuric acid, or with organic acids such, for example as 
methanesulphonic acid, toluenesulphonic acid, acetic acid, propionic acid, lactic acid, 
10 citric acid, fumaric acid, malic acid, succinic acid, salicylic acid, maleic acid, 
glycerophosphoric acid or acetylsalicylic acid. 

Suitable pharmaceutically acceptable salts of carboxy groups include metal salts, 
such as for example aluminiimi, alkali metal salts such as sodium or potassium and 
lithium, alkaline earth metal salts such as calcium or magnesium and ammonium or 
1 5 substituted ammonium salts, for example those with C j .5 alky lamines such as 
triethylamine, hydroxy-Ci^g alky lamines such as 2-hydroxyethylamine, bis (2- 
hydroxyethyl>amine or tri-(2-hydroxyethyl)amine, cycloalkylamines such as 
dicyclohexylamine, or with procaine, 1,4-dibenzylpiperidine, N-benzyl-p- 
phenethylamine, dehydroabietylamine, N,N -bisdehydroabietylamine, glucamine, N- 
20 methylglucamine or bases of the pyridine type such as pyridine, coUidine or quinoline. 

Suitable solvates of the compounds of the formula (I) are pharmaceutically 
acceptable solvates, such as hydrates. 

The salts and/or solvates of the compounds of the fomiula (I) which are not 
pharmaceutically acceptable may be useful as intermediates in the preparation of 
25 pharmaceutically acceptable salts and/or solvates of compounds of formula (I) or the 

compoimds of the formula (I) themselves, and as such form another aspect of the present 
invention. 

A compound of formula (I) or a salt thereof or a solvate thereof, may be prepared: 
(a) for compounds of formula (1) wherein Ra represents hydrogen, alkyl or optionally 
30 substituted aryl and represents a moiety of the above defined formula (a), by reacting 
a compound of fomiula 01): 
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Wherein R2, R3. R4, R^, R7 and Rg are as defined in relation to formula (I), with 



R3 




,0 

R4 Rj a moiety of the 



reagent capable of converting a moiety of formula 
above defined formula (a); or 
(h) for compounds of formula (I) where Ra represents a moiety of the above defined 
/^^r"" ^^^^ substituted aiyl , by treating a 



compound of formula (III): 



N ^R. 
Re 

u T. (Ill) 

10 foil" " " " ^ '^"^p^^-^^ «f 



20 



R3 OR, 




(R,0),p-Y^CO.X 



av) 



wherein R,, R2, R3 and X are as defined in relation to the compounds of fom^ula (I) and 
15 R9 IS a Cm alkyl group; and thereafter, as necessary, canying out one or more of the 
following reactions: 

(i) converting one compound of formula (I) into another compound of formula (I)- 
(n) removing any protecting group; 
(iii) preparing a salt or a solvate of the compound so formed. 



In reaction U) above, a suitable reagent capable of converting a moiety of the 

'?3 




X2-CH.C0-X, 

OR, 

(V) 
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wherein R] is as defined in relation to the compounds of formula (I), Xj represents X as 
defined in relation to formula (I) or a group convertible thereto and X2 represents a 
moiety (R90)2P(0)- wherein R9 is as defined above or a group Ph3P-. 

The reaction between the compounds of formula (II) and the reagent capable of 



converting the group of formula ^ ^ into the moiety of formula (a), may be 
carried out under the appropriate conventional conditions, depending upon the particular 
reagent chosen, for example: 

When the reagent is a compound of formula (V) wherein X2 is a moiety 

(R90)2P(0)-, then the reaction is carried out imder conventional Homer-Emmons 

conditions, using any suitable, aprotic solvent for example an aromatic hydrocarbon such 

as benzene, toluene or xylene, DMF, DMSO, chloroform, dioxane, dichloromethane, 

preferably, THF, acetonitrile, N-methylpyrrolidone, and the like or mixtures thereof, 

preferably an anhydrous solvent, at a temperature providing a suitable rate of formation of 

the required product, conveniently at ambient temperature or at an elevated temperature, 

such as a temperature in the range of from SO^'C to 120^C; preferably the reaction is 

conducted in the presence of a base. 

Suitable bases for use in the last above mentioned reaction include organic bases, such as 
butyl lithium, lithium diisopropylamide (LDA), N,N-diisopropylethylamine, 1,5- 
diazabicyclo[4.3.0]-5-nonene (DBN), l,5-diazabicyclo[5^4.0]-5-undecene (DBU), 1,5- 
diazabicyclo[2.2.2]octane (DABCO) , and inorganic bases, such as sodium hydride; 
preferably sodium hydride, and generally the reaction is carried out in an inert atmosphere 
such as nitrogen. 

When the reagent is a compound of formula (V) wherein X2 is a moiety Ph3P-, 
then the reaction is carried out under conventional Wittig conditions. Usually, the reaction 
is carried out in the presence of a base, in any suitable aprotic solvent. Suitable bases are 
organic bases such as triethylamine, trimethylamine, N,N-diisopropyiethylamine 
(DIPEA), pyridine, N,N-dimethylaniline, N-methylmorpholine, l,5-diazabicyclo[4,3.0]- 
5-nonene (DBN), l,5-diazabicyclo[5.4.0]-5-undecene (DBU), 1,5- 
diazabicyclo[2.2.2]octane (DABCO) and inorganic bases such as sodium hydride, 
caesium carbonate, potassium carbonate, preferably sodium hydride. Suitable solvents are 
conventional solvents for use in this type of reaction, such as aromatic hydrocarbons such 
as benzene, toluene or xylene or the like; DMF, DMSO, chloroform, dioxane, 
dichloromethane, THF, ethyl acetate, acetonitrile, N-methylpyrrolidone or mixtures 
thereof, preferably dichloromethane. This reaction is carried out at any temperature 
providing a suitable rate of formation of the required product, conveniently at ambient 
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temperature or at an elevated temperature, such as a temperature in the range of from - 
20OC to m^C, preferably in the range of from about room temperature to the reflux 
temperature of the solvent. 

The reaction between the compounds of formula (III) and the Homer Emmons 
reagem of formula (IV) may be carried out under conventional Homer Emmons 
conditions such as those described above. 



A .ompou«l of formula (H) may be prepared accorti,^ u> tte reacUon sequences 

Scheme (la) 



shovm in Schemes (la-c) below 




(PI.), P R, 



or 



10 rTI) 




Scheme (lb) 




Scheme (Ic) 
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R, O 




wherein, subject to any qualification mentioned below, R^, R2» R3, R4, R6» R? and Rg 
are as defined in relation to the compounds of formula (I) 



Compoimds of formula (II) may be prepared using either Wittig or Homer- 
5 Emmons reactions of keto derivatives of formula (VIII) with the appropriate 

phosphonium salt or phosphonate using the reaction conditions which are known in the 
art and described, for example in "77?^ Wittig Reaction'\ R. Adams Ed., Vol. 14, p. 270 
(1965) or in Angew. Chem. Int. Ed. Engl, 4, 645 (1965). 

When R2 is other than -H , e.g. alkyl, a compound of formula (II) is obtained 
1 0 directly fi-om a compound of formula (VIII) by Wittig or Homer-Enunons reaction with 
the appropriate phosphonium salts or phosphonates according to Scheme (la). 

When a compound of formula (VIII) is reacted with the above mentioned 
phosphonates using the Homer-Emmons reaction, the experimental conditions used are 
conventional conditions such as those reported, in Tetrahedron Lett. 1981, 461 ; Can. J. 
15 Chem., 55, 562 (1977); J. Am. Chem. Soc, 102, 1390 (1980); J. Org. Chem., 44, 719 
(1979); Synthesis, 1982, 391; and Tetrahedron Lett 1982, 2183. 

The reaction of compounds of formula (VIII) with the above mentioned 
phosphonium salts are carried out in the presence of a base in any suitable solvent. 
Suitable bases include organic bases, such as triethylamine, trimethylamine, N,N- 
20 diisopropyiethylamine (DIPEA), pyridine, N,N-dimethylaniline, N-methylmorpholine, 
l,5-diazabicyclo[4.3.0]-5-nonene (DBN), l,5-dia2abicyclo[5.4.0]-5-undecene (DBU), 
l,5-diazabicyclo[2.2.2]octane (DABCO) and inorganic bases, such as sodium hydride, 
caesium carbonate, potassium carbonate. Suitable solvents include conventionally used 
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solvents, for example aromatic hydrocarbons such as ben^ne, toluene or xylene or the 
like; DMF. DMSO, chloroform, dioxane. dichloromethane. THF, ethyl acetate 
acetomtrile, N-methylpym>lldone and the like or mixtures thereof Preferably 'the 
reaction is earned out at a reaction temperature of in the range of about.20«'C to 140'C 
preferably about room temperature to the reflux temperature of the solvent 

The reaction of compounds of formula (VIII) with phosphonates are carried out 
under conventional Homer-Emmons conditions, using any suitable, aprotic solvent for 
example an aromatic hydrocarbon such as benzene, toluene or xylene, DMF DMSO 
chloroform, dioxane, dichloromethane, preferably, THF, acetonitrile N- 
methylpyrrolidone, and the like or mixtures thereof, preferably an aritydrous solvem at a 
temperature providing a suitable rate of formation of the required product, conveniemiy at 
ambient temperature or at an elevated temperature, such as a temperature n the rZ of 
from 30OC to I20OC; preferably the reaction is conducted in the presence of Tl.I' 

Suitable bases for use in the last above mentioned reaction include organic bases 
suchasbutylhthium.lithiumdusopropylami^ , ^[ 

diazabicyc o[4.3.0>5-nonene (DBN). l,5.diazabicyc,o[5.4.0]-5-undecene (DBU '5 
TT if *' '^"''"' (DABCO) , and inorganic bases, such as sodium hydride' 

When R2= H. aldehyde (VII) is reacted ^vith aliphatic aldehydes of fonnula (VI) 
m presence of bases such as sodium or potassium hydroxide affording compound (U) as 
m Scheme (Ih), using the appropriate conventional procedure 

I";fi^«'-aspect.whenR2=H.acompoundofformula(VIII)isreactedwitha 

25 rth n ^.r'r'^"^*^-^^-- or carbethoxymethylphosphonate 
(Scheme (Ic)). the carboxylic ester obtained (XIV) is then converted into the 
con-esponding alcohol with a reducing agent, suitably a complex metal reducing agent 

" '"^Tf"^"" ''"^'^ hydride (maL) or 

h^um borohydr.de (LiBH4). in any suitable aprotic solvent for example methylene 
dichlonde, chloreform, dioxane. diethyl ether or THF. at any tempeiature providing a 
30 mutable rate of formation of the required product, such as a temperature in the range of 

Dess-Martm reagent), pyridinium chlorochromate (PCC) or pyridinium dichromate 
(PDC) or a combmation of oxalyl chloride and DMSO (Swem reaction), preferably 
J:> manganese dioxide in methylene dichloride. 

A compound of fonnula (IV) may be prepared according to the reaction sequence 
shown in Scheme (II) below. sequence 
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Scheme (II) 




5 wherein, subject to any qualification mentioned below, R] , R2 and R3 are as defined in 
relation to formula (I), R9 is as defined in relation to formula (IV) and Xj is as defined in 
relation to formula (V). 

Compounds of formula (X) are prepared by reaction of, preferably anhydrous, 
chloroaldehydes or chloroketones of formula (IX) with suitable phosphonium compounds 

1 0 using the appropriate conventional procedure as described above for the Wittig reaction; 
conversion of intermediate compound (X) into the desired compound (IV) may be 
effected by reaction with a suitable trialkylphosphite (R90)3P wherein R9 is as defined 
above, and the reaction is performed in any conventionally used solvent, preferably the 
trialkyl phosphite, and at a suitable reaction temperature, preferably at the boiling point of 

15 the solvent. For example from Scheme (II): the chioroacetaldehyde (IX) was treated with 
methyl 2-methoxy-2-(triphenylphosphonium)acetate bromide in the presence of DIPEA 
in chloroform and the interaiediate (X) so obtained was converted into compound (IV) by 
refluxing in trimethyl phosphite. 

The compounds of formula (V) can be prepared according to the reaction 

20 sequence shown in Scheme (III) below: 



25 



Scheme (III) 
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10 



15 



20 



25 



30 



Of^i N-haloimide 

COX, 



(XI) 




I(V). = (RgOjjPOJ 

wherein, subjec. u, any qualiflcaUon memioned below. R, and R, a«, as defined in 
relation to fonnula (I) and X, is as defined in relation lofonnulafV) 

The starting material is an a-alkoxycarhoxylic ester of formula (XI) which is 
cotmnereially available or which is prepared according to the m«hods known in fl,e art 

(mSl S. Coffey Ed Elsevers. TTe compound of f^ntula (XI) is ,e«=ted wiU, » N- 
Wountde. for example N-bromosuccinimide in the p«sence of a radical pnxlucing agent 
azobtsrsobutyrronitriic or ben^y, peroxide in a sdtable solvent sLh as c^n 

't^ "^T" """^ """^"'"^^ ''^P'e^ of s"oh a reaction may be 

ol««ned. of fbnnula (XII). ,s then reacted either with triphenylphosphine or withf 
^ Phoj^.. P(OR<,)3 to give the re,..r«l eompot^d of formula (V) as shown in 

When the compound of formula (XII) is reacted with triphenylphosphine the 
rcacnon .s perfomted in «.y conventionally us«i solvent . for ex«np'e die el* 
d.oxane. tetrahydrofluan. benzene, xylene or. prefembly. toh«ne « a suiuile reacU™ 
temperamre ,n fl,e rang, of ftom -30-C to SO-C. for example a, r«™ ,emp.r«ure 

When U,e compoumi of fom,ula (XH) is reacted with triaUcyl phosphite P(ORo), 
*e reacon .s performed in any conventionally used solvent prefembly I 
ph^phte, and a. a suitable reaction temperature, preferably a. the boiling point o/the 

Alternatively, a compound of formula (V) in which R2 is (R90)2PO may be 
prepared usmg the procedure depicted in Scheme (HI), by reacting a 
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diazophosphonoacetates of fonnula (XIII) with an alcohol or phenol of formula RiOH, 
wherein R| is as defined in relation to formula (I), in the presence of rhodium (II) acetate 
as described in the literature, for example in Tetrahedron, 50, 31 77 (1994) or in 
Tetrahedron, 48, 3991 (1992). 

The compounds of formula (III), (VII) and (VIII), are known compounds or they 
are prepared using methods analogous to those used to prepare known compounds, such 
as those described in J. Org. Chem., 47, 757 (1982); Heterocycles, 22, 121 1 (1984); 
Tetrahedron, 44, 443 (1988), LiebigsAnn. Chem., 1986, 438; Chem. Pharm. Bull., 20, 
76,1972. 

The compounds of formula (VI), (IX) and (XI) are known compounds or they are 
prepared using methods analogous to those used to prepare known compounds, such as 
those described in J. March, Advanced Organic Chemistry, 3rd Edition (1985), Wiley 
Interscience. 

Suitable conversions of one compound of formula (I) into another compound of 
formula (I) mcludes converting a compound of fonnula (I) wherein X represents a 
hydroxy group or an alkoxy group into a compound of formula (I) wheitsin X represents a 
different alkoxy group or a moiety of the above defined fonnula NRgRt- Such 
conversions are shown below in Scheme (IV): 

Scheme (IV) 




(X=NR3Rt) (X=OR) 
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Wherein, subject to any qualification mentioned below, ^ Rc p d . 

thcr^t.R,. ,s R, or a p™,e«ed fonn m»cot^ R- is X when X i. .„ alkoxy g,o„p 

fomiu^. (I) may be earned ou, ustog Ac appropriate conv«,ti„naI procedure- for example 
*e above mentioned conversion of a compound wherein X reprcsL a ^Tp^' 
an aitey group ,n,o a compound wherein X represents a moiety of the a^veL^' 

f°n„"taNR,R,cranotherall<oxyg,o„pmaybecarriedou..sfo,,o„s. 
(.) when X is alkoxy, by basic hydrolysis, using for example potassium hydroxide to 
provide a compound of fonnula (I) wherein X is hydroxy and fter^r^^T 
compounds ^ X represents a moiety of the Ive defined ^^k ™^ 
wtth a compound of fonnula HNR,.R, wherein R, and R, are as d" w^o^T^r 
prepanng oomp^mds of fotmuia 0) wherein X .p,.se„,s aikoxy, by trcatL^^l 

Inferably the reaction with the compounds of fonnula HNR.R, or with 

20 ^Tc^ " — ■ -"-"o- Of the carbiylic Z . 

A carboxyl group may be «=tivated in conventional mamier for ex J^ole bv 
conversion into an acid anhydride, acid halide. acid azide or an acti^^r as 
cyanomethy, ester, thiophenyl ester, p-niu^heny, ester. P-nityrothiophl^Tz 4 « 
Uichloropheny, ester, pentachlorophenyl ester, pentafluorophly. est^ N 
^''f>»tai<'°cster.8-hydroxypiperiane.s.er.N-hydroxysucc«Lidee^ N 

-^-T^ 

ca^diijmde hydrochloride (WSC, eithl in i pre:::i*^^^^ 
hydroxybenzotriazol. (HOBt) or l-hyd™xy.7.azabenzo.riazole (HOAt) or it mav b, 
acuvated using N carbonyldiimidazole. Woodward-K rJ», r ' " " 
30 isoxazoliumsalt. *°°<'«"*K reagent. Castro's reagent or an 

,*=°«^'"'ofa«activatedcarboxylgroupwithanamin„grouporwi.ha„ 

Suitable h^ ,„,„de orgauc bases, such as trieOiylamine. trimethylamine N N- 
dnsopropylethylamme (DIPEA). pyridine. N.N-dimethylaniline 4- 
rrN^lTr'T^ '^■■""h^tao.pholine. I>dia;abicycio|4.3.0).5™ 

(DABCO). and inorganic bases, such as potassium carbonate. Suitable solvents include 
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conventionally used solvents, for example DMF, dimethyl sulfoxide (DMSO), pyridine, 
chloroforai, dioxane, dichloromethane, THF, ethyl acetate, acetonitrile, N- 
methylpyrrolidone and hexamethylphosphoric triamide and mixtures thereof The 
reaction temperature may be wdthin the usual temperature range employed in this type of 
condensation reaction, and generally in the range of about -40'*C to about 
preferably from about -20''C to about 40'*C. 

When the reaction is carried out in the presence of a suitable condensing agent, for 
example a carbodiimide, N,N*- carbonyldiimidazole, Woodward-K reagent, Castro's 
reagent or the like, the condensing agent is preferably employed in an amount from 
equimolar to about 5 times the molar quantity of the starting material and the reaction is 
performed in a suitable solvent for example a halogenated hydrocarbon such as 
dichloromethane, chloroform, carbon tetrachloride, tetrachloroethane or the like; an ether 
such as dioxane, THF, dimethoxyethane or the like, a ketone such as acetone, methyl 
ethyl ketone or the like; acetonitrile, ethyl acetate, DMF, dimethylacetamide, DMSO or 
the like. Preferably the condensation is carried out in an anhydrous solvent, and at a 
reaction temperature in the range of from about -lO^'C to 60*'C, preferably about 0°C to 
room temperature. 

Alternatively, conversion of one compound of formula (I) in which X is O-alkyl 
into another compound of formula (I) in which X is NRgRt may be effected by treating 
the said compound of formula (I) directly with a compound of formula HNRgtRt* in the 
presence of a trialkylaluminium reagent such as trimethylaluminium or 
triethylaluminium, according to known procedures, such as those disclosed in 
Tetrahedron Lett, 48, 4171 (1977); and, if necessary, deprotecting or converting the 
compound of formula (I) in which X is NRj^R^' into a compound of formula (I) in which 
X is NRsRj. 

The trialkylaluminium reagent is generally employed in the above mentioned 
reactions in an amount of from equimolar to about 5 times the molar quantity of the 
starting material, preferably 2-3 times the molar quantity of the starting material and the 
reaction is performed in a suitable solvent for example a halogenated hydrocarbon such as 
dichloromethane, chloroform, carbon tetrachloride, tetrachloroethane or the like; an ether 
such as dioxane, THF, dimethoxyethane or the like. Preferably the condensation is carried 
out in an anhydrous solvent, and at a reaction temperature of about, generally -IQ^C to 
1 20^*0, preferably about O^'C to the reflux temperature of the solvent. 

Amines of general formula HNRgRt may be prepared using the methods known in 
the art for the preparation of amines, for example as taught in Houben-Weil Methoden 
der Organischen Chemie, Vol XI/1 (1957) and Vol. E16d/2 (1992), Georg Thieme 
Veriag, Stuttgart. 
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In particular, amines of the general fonnula HNR,Ri wherein one of and Rt 
represents hydrogen and the other represents a moiety (a), (b). (c). (d) (e) as defined 
above or a particular example thereof, are prepared according to the methods summarised 
m Scheme (V) below: 

5 



10 



15 



^ ^ Scheme (V) 

(i) ^ Va l ♦ h-n"" -condense "^Va-n"" 

° o Rv \ Reduce 



Rv Condense 



N N M 
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(iv) 



NC-A-COY, 



PO(OMe), H,N, PC 



PO(OMe)- 



PO(OMe)2 

OH 
PO{OM )j 



(V) 



H-N 



-COjR 



Y,— A-N 



/-OOJR 



-COjR 



Azidotrimethylsilane 



^cOjR Triphenylphosphine /^COjR 

HjN-A-N ^ — N3-A-N 

^COjR ^CO^R 
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10 



15 



wherein R is an alkyl or a^l group, and are as defined above. X, to X„ are as 
defined for (H2), A is a bond or an alkylene chain, R, o is hydrogen (in(ii) and (vii)) or 
halogen (,n (lii)) and R„ is an alkyl group. R12 is alkyl or aryl, L and Lj are leaving 
groups, for example halogen or mesylate. Y is halogen, Y, is a leaving group for 
example a halogen and and Y, and Y2 are leaving groups such as halogens. f;r example 
Y, ,s cWonde and Y2 is bromine. Z, is N or CY3 wherein Y3 is selected from hydrogen, 
alkyl, alkoxy.alkylcarbonyl, aryl, aiyloxy or arylcarbonyl. 

The reactions of condensation in (i) are perfoimed under conventional reaction 
^ndmons as described in J. March. Advanced Organic Chemistry, 3rd Edition. 1985. 
Wiley Interscience 

The reduction of the amide function in (i) is suitably carried out using known 
methods, for example by using mixed hydride inducing agents, such as lithium 
alummium hydride and methods described in Org Synth Coll Vol 4 564 

Protection of the primaiy amino group in (i) can entail the use of classical 
carbamate protecting agents such as t-butoxycarbonyl (Boc), benzyloxycarbonyl (Cbz) or 
fluorenylmethoxyc^^^^ (Fmoc), or of the phthaUmido protecting group. The synthesis 
and the removal of such protective groups is described m. for example, in Protective 
Groups in Organic Synthesis. T. W Greene Ed.. Wiley, New York 1981 

The reduction of the nitrile in (i) is suitably carried out using known methods, for 
example following the procedure described in ^A/erf. C/im.,39. 1514 (1996) 

25 descnbed m J. Org Chem. 58, 4742 (1993), 

The alkylation of the hydroxy-nitropyridine in (ii) may be effected by using tiie 
method described in J. Org Chem SS, 2964 (1 990). 

descrih^' ^^l^'^'tT'''''''' (^«> - ^"^^Wy carried out using the method 

descnbed m Helvetica Chemica Acta 47 (2), 45 (1964) 

Hie reduction of tiie nitrile in (v) is suitably carried by catalytic hydrogenation 
over platmium oxide. 



20 



30 
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The reduction of nitro group in (vii) is suitably carried out using the method 
described in J. Org, Chem. 58, 4742 (1993). 

The reaction of acid halide NC-A-COY to provide the dialkylphosphonate in (iv) 
is effected by following the procedure described in J Org Chem 36, 3843 (1971). 
5 The reaction of the azide with triphenylphosphine in (v) is carried out in wet 

tetrahydrofiiran as described in Bull Soc Chim Fr 1985, 815. 

The azides in (v) are prepared as shown using azidotrimethylsilane, following the 
procedure described in Synthesis 1995, 376. 

The reaction of compound Y1-A-Y2 and the amine derivative in (v) proceeds 
1 0 under conventional displacement reaction conditions. 

The reactions in (vi) can be performed using known, conventional methods, as 
described in J. March, Advanced Organic Chemistry, 3rd Edition, 1985, Wiley 
Interscience. For example, oxidation can be performed using oxidising agents such as 
chromic acid (Jones reagent); reductive amination of the ketone in can be performed with 
1 5 benzylamine to give an imine intermediate which is then reduced using knovvm methods 
and reducing agents such as sodium borohydride or lithium alimiinium hydride. 
Debenzyiation can then be performed again using conventional methods, for example 
with hydrogen in the presence of a catalyst such as palladium on charcoal. Protection of 
ketone as the ethylene ketal can be p^ormed with ethylene glycol under acidic catalysis; 
20 acylations or alkylations can be performed by treating the suitable piperidine derivatives 
with acyl or alkyl halides in the presence of an inorganic or organic base; deprotection of 
the dioxolane to the ketone can be effected by acidic treatment in aqueous or alcoholic 
solvents. Protection on the primary amino group in 4 aminopiperidines can entail the use 
of classical carbamate protecting agents such as t-butoxycarbonyl (Boc), 
25 benzyloxycarbonyl (Cbz) or fluorenylmethoxycarbonyl (Fmoc), or of the phthalimido 

protecting group: the synthesis and the removal of such protective groups is described in, 
for example, in Protective Groups in Organic Synthesis, T. W Greene Ed., Wiley, New 
York, 1981. 4-Oxopiperidines can be converted into the corresponding oximes by 
treatment with hydroxy 1- or alkoxyl-amine in a suitable solvent; reduction of the oxime to 
30 amine can be performed using conventional reducing agents such as lithium aluminium 
hydride or sodium cyanoborohydryde. 

The starting materials in the above reactions (i), (ii), (iii), (iv), (v), (vi) and (vii) 
are known, commercially available compounds. 

A compound of formula (I) or a solvate thereof may be isolated from the above 
35 mentioned processes according to standard chemical procedures. 

The preparation of salts and/or solvates of the compoimds of formula (I) may be 
performed using the appropriate conventional procedure. 
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If required mixtures of isomers of the compounds of the invention may be 
sepan.,ed into i«lividual stereoisomers ami diastereoisomers by conventional means, for 
example by the use ofan optically active «>id as a resolving agent. Suitable optically 
active acids which may be used as resolving agents are described in -Topics in 
5 S,er<:ochemistry Vol. 6, Wiley toterscience, 1971. AUinger, N.L, and Eliel W L Eds 
Alt«™tively. any enaiU^ner of a compound of the invention may be obtained by 
«ereosp«iOc synthesis using optically pure starting materials of toov™ configuration 
The absolute configuration of compounds may be det«mined by conventional 
meUiods such as X-ray ciystallographic techniques. 

'0 ■^P««~«<>"'>f"y«»aive group or atom, may be earned out at any 

appropriate stage in U« aforementioned processes. Suitable protecting groups include 
ttiose used conventionally in U« art forti« particuhr group or atom being p^teced 
Protecting groups may be prepared and removed using fte appropriate conventional' 
procedure, for example OH g«ups. including diols, may be p»tected as the silylated 

15 donvauves by ttead»«,t with a, appropriate silylatingagem such as di-tei,. 

butylsilylbisCtrifluoremethanesulfonate): the silyl group may tiren be r«noved usin. 
conventional procedures such as tieatinen, witii hydrogen fluoride, preferebly in the form 
o^pyn^dme complex and optionally in the presence of alumina, or by tieatinent witi, 
acetyl chlond. .„ methanol. Alternatively benzyloxy gr„,,s may be used to protect 

0 phenolic groups, the benzyloxy gronp may be remov«i using catalytic hydro^Cysis 

using such catalysts as palladium (II) chloride or 10% palladium on carbon 

Ammo groups may be protected using any conventional protecting grout, for 
example :«,.bu,yl estei. of carbamic acid may be fonned by treaLg thel^7g™; 
d..«d^na.e. d. amino group being regene».ed by hyLlysing JZr 
5 under acd.c conditions, using for example hydrogen chloride in efliyl Ltate or 
mfluoroacetic acid in methylene dichloride. An amino group may be ^.ected as a 
benzyl denvative. prepared ftom tire appro,xi«e amine «,d a benzyl halide under basic 

Z^":-^,"^' T" '^'"^ ~ hyd^gcnolysis. 
example a palladium on carbon catalyst. 

< Indole NH greups and the like may be protected usmg any conventional group for 

xample benzenesulphonyl, meUiylsulphonyl, tosyl. fonnyl, acetyl (all of them rem^;^fe 
by tieaunent witi, alkaline reagents), benzyl (removable ^ with sodium 
—a or wtth A1C,3 in toluene,, ally, (removable by treatment wiU, Hiodium Z 
blonde under acidic conditions), benzyloxyearbonyl (removable eidier by cauUyt^. 
hydrogenation or by alkaline treatinent), trifluo™ac«yl (removable by eiUier alkaline o 
acidic tieatinent), t-butyldimeUiylsily. (removable by treatinent wiU, tlbutylCH 
fluonde). 2.(ti™ethylsilyl)eUioxymed,y, (SEM) (removable by treatment ^ 
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tetrabutylammonium fluoride in the presence of ethylendiamine), medioxymethyl (MOM) 
or methoxyethyl (MEM) groups (removed by mild acidic treatment). 

Carboxyl groups may be protected as alkyi esters, for example methyl esters, 
which esters may be prepared and removed using conventional procedures, one 
5 convenient method for converting carbomethoxy to carboxyl is to use aqueous lithium 
hydroxide. 

A leaving group or atom is any group or atom that will, under the reaction 
conditions, cleave from the starting material, thus promoting reaction at a specified site. 
Suitable examples of such groups unless otherwise specified are halogen atoms, 
1 0 mesyloxy , p-nitrobenzensulphonyloxy and tosyloxy groups. 

The salts, esters, amides and solvates of the compounds mentioned herein may as 
required be produced by methods conventional in the art: for example, acid addition salts 
may be prepared by treating a compound of formula (I) with the appropriate acid. 

Esters of carboxylic acids may be prepared by conventional esterification 
15 procedures, for example alkyl esters may be prepared by treating the required carboxylic 
acid with the appropriate alkanol, generally under acidic conditions. 

Amides may be prepared using conventional amidation procedures, for example 
amides of formula CONRgRt may be prepared by treating the relevant carboxylic acid 
with an amine of formula HN R^R^ wherein R3 and Rf are as defined above. 
20 Alternatively, a €1.5 alkyl ester such as a methyl ester of the acid may be treated with an 
amine of the above defined formula HNRgRt to provide the required amide. 

As mentioned above the compounds of the invention are indicated as having 
usefid therapeutic properties: 

The present invention therefore provides a method for the treatment and/or 
25 prophylaxis of diseases associated with over activity of osteoclasts in mammals which 
method comprises the administration of an effective non-toxic amount of a selective 
inhibitor of mammalian osteoclsists. 

A suitable selective inhibitor of a manunaiian osteoclast is a selective inhibitor of 
the vacuolar ATPase located on the ruffled border of manunaiian osteoclasts. 
30 One particular selective inhibitor of mammalian vacuolar ATPase is a compound 

of formula (I), or a pharmaceutically acceptable salt thereof, or a pharmaceutically 
acceptable solvate thereof 

Thus, the present invention further provides a method for the treatment of 
osteoporosis and related osteopenic diseases in a human or non^human mammal, which 
35 comprises administering an effective, non-toxic, amount of a compound of formula (I) or 
a pharmaceutically acceptable solvate thereof, to a human or non-human mammal in need 
thereof 
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in a further aspect, the present invention provides an inhibitor of a mammalian, 
especially human, osteoclasts, for example a compound of formula (I) or a 
pharmaceutically acceptable salt thereof, or a pharmaceutically acceptable solvate thereof, 
for use as an active therapeutic substance. 

5 The preferred mammal is human. Mammalian osteoclasts are preferably human 

osteoclasts. 

In particular the present invention provides a compound of formula (I) or a 
pharmaceutically acceptable salt thereof and/or a pharmaceutically acceptable solvate 
thereof, for use in the treatment of and/or prophylaxis of osteoporosis and related 
1 0 osteopenic diseases. 

Of particular interest is the osteoporosis associated with the peri and post 
menopausal conditions. Also encompassed are the treatment and prophylaxis of Paget^s 
disease, hypercalcemia associated with bone neoplasms and all the types of osteoporotic 
diseases as classified below according to their etiology: 
1 5 Primary osteoporosis 
Involutional 

Type I or postmenopausal 
Type II or senile 
Juvenile 

20 Idiopathic in young adults 

Secondary osteoporosis 

Endocrine abnormality 
Hyperthyroidism 
Hypogonadism 
25 Ovarian agenesis or Turner's syndrome 

Hyperadrenocorticism or Cushing's syndrome 
Hyperparathyroidism 
Bone marrow abnormalities 

Multiple myeloma and related disorders 
30 Systemic mastocytosis 

Disseminated carcinoma 
Gaucher's disease 
Connective tissue abnormalities 
Osteogenesis imperfecta 
35 Homocystinuria 

Ehlers-Danlos syndrome 
Marfan's syndrome 
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Menke's syndrome 
Miscellaneous causes 

Immobilisation or weightlessness 
Sudeck's atrophy 
5 Chronic obstructive pulmonary disease 

Chronic alcoholism 
Chronic heparin administration 
Chronic ingestion of anticonvulsant drugs 
In addition the invention encompasses the treatment of tumours, especially those 
10 related to renal cancer, melanoma, colon cancer, lung cancer and leukemia, viral 

conditions (for example those involving Semliki Forest virus, Vesicular Stomatitis virus, 
Newcastle Disease virus. Influenza A and B viruses, virus), ulcers (for example 
chronic gastritis and peptic ulcer induced by Helicobacter pylori)^ for use as 
inununosupressant agents in autoimmune diseases and transplantation, antilipidemic 
1 S agents for the treatment and/or prevention of hypercholesterolemic and atherosclerotic 
diseases and to be useful for the treatment of AIDS and Alzheimer's disease. These 
compounds are also considered useful in treating angiogenic diseases, i.e. those 
pathological conditions Mrhich are dependent on angiogenesis, such as rheumatoid 
arthritis, diabetic retinopathy, psoriasis and solid tumours 
20 A selective inhibitor of the pharmacological activity of human osteoclast cells 

such as a compoimd of formula (I), or a pharmaceutically acceptable salt thereof and/or a 
pharmaceutically acceptable solvate thereof, may be administered per se or, preferably, as 
a phamiaceutical composition also comprising a pharmaceutically acceptable carrier. 

Accordingly, the present invention also provides a pharmaceutical composition 
25 comprising a selective inhibitor of the pharmacological activity of human osteoclast cells, 
in particular the bone resorption activity of himian osteoclast cells associated with 
abnormal loss of bone mass, and a pharmaceutically acceptable carrier thereof. 

A particular inhibitor of human osteoclast cells is a selective inhibitor of human 
osteoclast vacuolar ATPase such as a compound of formula (I), or a phamiaceutically 
30 acceptable salt thereof, or a pharmaceutically acceptable solvate thereof, and a 
pharmaceutically acceptable carrier thereof. 

Active compounds or a pharmaceutically acceptable salt thereof and/or a 
pharmaceutically acceptable solvate thereof is normally administered in unit dosage 
form. 

35 An amount effective to treat the disorders hereinbefore described depends upon 

such factors as the efficacy of the active compounds , the particular nature of the 
pharmaceutically acceptable salt or pharmaceutically acceptable solvate chosen, the 
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20 



25 



30 



35 



nature and severity of the disorder being treated and the weight of the mammal 
However, a unit dose will normally contain 0.01 to 50 mg. for example 1 to 25 mg of the 
compound of the invention. Unit doses will nom«lly be administered once or more than 
once a day, for example 1 , 2, 3. 4, 5 or 6 times a day. more usually 1 to 3 or 2 to 4 times a 
5 day such that the total daily dose is nomially in the range, for a 70 kg aduh of 0 01 to 250 
mg, more usually 1 to 100 mg, for example 5 to 70 mg, that is in the range of ' 

10 compoi:"::^^ 

The present invention also provides a method for the treatmem 6f tumours 
especially those related to renal cancer, melanoma, colon cancer, lung cancer and ' 
leukemia, viral conditions (for example those involving Semliki Forest Vesicular 
Stomatitis. Newcastle Disease. Influenza A and B, HIV viruses), ulcers (for example 
1 5 chn,mc gastritis and peptic ulcer induced by Helicobacter pylori), autoimmune diseases 
and transplantation, for the treatment and/or prevention of hypercholesterolemia and 
«Uie«,sclax,tic diseases, AIDS and Alzheimer's disease, angiogenic diseases, such as 
rfieumatoid aithntis, diabetic retinopathy, psoriasis and solid tumours, in a human or 
non-human inammal, which comprises administering an effective, non-toxic, amount of a 
compound of formula (I) or a pharmaceutically acceptable solvate thereof, to a human or 
non-human mammal in need thereof. 

In such treatments the active compound may be administered by any suitable 
route, e g. by the oral, parenteral or topical routes. For such use, the compound will 
nomially be employed in the form of a pharmaceutical composition in association with a 
^ITfT."'"""^ Phannaceutical carrier, diluent and/or excipien, although the exact 
form of the composition will naturally depend on the mode of administration 

Compositions are prepared by admixture and are suitably adapted for oral 
parente«d or topical administration, and as such may be in tiie fomi of tablets, capsules 
oral liquid preparations, powders, granules, lozenges, pastilles, reconstitutable powders' 
i^ectable and mfusable solutions or suspensions, suppositories and transdermal device^ 

Orally admimstxable compositions are preferred, in particular shap^ 
smce tiiey are more convenient for general use. 

Tablets and capsules for oral administration are usually presented in a unit dose 
and contain conventional excipients such as binding agents, fillers, diluents, tabletting ' 
agents, lubncants. disintegrants. colourants, flavourings, and wetting agents. The tablets 
may be coated according to well known methods in the art. 
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Suitable fillers for use include cellulose, mannitol, lactose and other similar 
agents. Suitable disintegrants include starch, polyvinylpyrrolidone and starch derivatives 
such as sodium starch glycollate. Suitable lubricants include, for example, magnesium 
stearate. Suitable pharmaceutically acceptable wetting agents include sodium lauiyl 
5 sulphate. 

These solid oral compositions may be prepared by conventional methods of 
blending, filling, tabletting or the like. Repeated blending operations may be used to 
distribute the active agent throughout those compositions employing large quantities of 
fillers. Such operations are, of course, conventional in the art. 

10 Oral liquid preparations may be in the form of, for example, aqueous or oily 

suspensions, solutions, emulsions, syrups, or elixirs, or may be presented as a dry product 
for reconstitution with water or other suitable vehicle before use. Such liquid 
preparations may contain conventional additives such as suspending agents, for example 
sorbitol, symp, methyl cellulose, gelatin, hydroxyethylcellulose, carboxymethyl cellulose, 

1 5 aluminium stearate gel or hydrogenated edible fats, emulsifying agents, for example 

lecithin, sorbitan monooleate, or acacia; non-aqueous vehicles (which may include edible 
oils), for example, almond oil, fractionated coconut oil, oily esters such as esters of 
glycerine, propylene glycol, or ethyl alcohol; preservatives, for example methyl or propyl 
p-hydroxybenzoate or sorbic acid, and if desired conventional flavouring or colouring 

20 agents. 

For parenteral administration, fluid unit dose forms are prepared containing a 
compound of the present invention and a sterile vehicle. The compound, depending on 
the vehicle and the concentration, can be either suspended or dissolved. Parenteral 
solutions are normally prepared by dissolving the compound in a vehicle and filter 

25 sterilising before filling into a suitable vial or ampoule and sealing. Advantageously, 
adjuvants such as a local anaesthetic, preservatives and buffering agents are also 
dissolved in the vehicle. To enhance the stability, the composition can be frozen after 
filling into the vial and the water removed under vacuum. 

Parenteral suspensions are prepared in substantially the same manner except that 

30 the compound is suspended in the vehicle instead of being dissolved and sterilised by 
exposure to ethylene oxide before suspending in the sterile vehicle. Advantageously, a 
surfactant or wetting agent is included in the composition to facilitate uniform 
distribution of the active compound. 

For topical administration, the composition may be in the form of a transdermal 

35 ointment or patch for systemic delivery of the active compound and may be prepared in a 
conventional manner, for example, as described in the standard textbooks such as 
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'Dermatological Formulations'. B.^. Bany (Drags and the Phannaceutical Sciences - 
Dekker) or Hanys Cosmeticology (Leonard Hill Books). 

The present invention also provides the use of a selective inhibitor of the 
b.olog.cal activity of human osteoclast cells, in particular the bone n^orption activity of 
hunian osteoclast cells associated with abnormal loss of bone mass, compound of formula 
(I), or a pharmaceutically acceptable salt thereof, or a phannaceutically acceptable solvate 
thereof, for the manufacture of a medicament for the treatment and/or prophylaxis of 
diseases associated with over activity of osteoclasts in mammals, such as the treatment 
and/or prophylaxis of osteoporosis and related osteopenic diseases 

The present invention also provides the use of a selective inhibitor of the 
biological activity of human osteoclast cells, in particular the bone „«orption activity of 
human osteoclast cells associated with abnonnal loss of bone mass, for the manufacL 
of a medicament for the treatment of tumours, especially those related to renal cancer 
melanoma colon cancer, lung cancer and leukemia, viral conditions (for example thole 
mvolvmg Wj., Fores, Vesicular StomaaUs, Newcastle Disease, Influenza a Jb 
^/r viruses), ulcers (for example chronic gastritis and peptic ulcer induced by 
Hencobacrerj^lorO, autoimmune diseases and transplantation, for the treatment and/or 
prevention of hypercholesterolemic and atherosclerotic diseases, AIDS and Alzheimer's 

m.tJ^ T r'"™" ""'"'""^ compositions, treatment 

methods and phamiaceutical uses of a selective inhibitor of the biological activity of 
mammahan including human, osteoclast cells exclude the compositions, treatment 
meAods and phamuiceutical uses of the compounds of formula (I) of W096/21644 and in 
25 another aspect the specific examples of W096/21644. 

No unacceptable toxicological effects are expected with compounds of the 
mvention when administered in accordance with the invention. As is common practice 
2^ compositions will usually be accompanied by written or printed directions for use in 
the medical treatment concerned. 

30 The following, descriptions, examples and phamiacological methods illustrate the 

mvention but do not limit it in any way. ""snaie me 
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Preparation 1 

Ethyl alpha-oxo-3-(2-nitro-4,5-dichlorophenyl)propanoate. To a suspension of 
potassium (49,2 g, 1 .26 mol) in anhydrous diethyl ether (500 ml), a solution of absolute 
EtOH (319 ml) and anhydrous diethyl ether (260 ml) was added dropwise under nitrogen 
5 during a period of four hours. The resulting solution was diluted with anhydrous diethyl 
ether (1200 mL) and then diethyl oxalate (171 ml, 1.26 mol) was added dropwise in about 
30 minutes. To the resulting yellow mixture, a solution of 2-nitro-4,5-dichlorotoluene 
(260 g, 1.26 mmol), prepared as described by Cohen and Dakin in J, Chem, Soc, 79^ 
1 133, in anhydrous diethyl ether (450 ml) was added dropwise in one hour at RT. Stirring 

10 was continued for additional three hours and the dark-brown mixture was settled at RT 
for two days. The potassium salt was collected by suction and dried to give a dark-brown 
powder. This was suspended in a mixture of water (400 ml) and ethyl acetate (400 ml), 
then acidified with 10% HCl. The organic phase was washed with brine, aqueous sat. 
NaHCOs and again brine, then it was dried with MgS04. Evaporation produced 239 g of 

15 title compound (781 mmol, yield 62.0%) as a light brown solid that was used as such for 
the next step, m.p.= 92-94*'C 

Preparation 2 

Ethyl 5,6-dichloroindole-2-carboxylate. A mixture of ethyl alpha-oxo-3-(2-nitro-4,S- 
20 dichlorophenyOpropanoate (200 g, 653 mmol) and iron powder (320 g, 5.75 mol) in 

EtOH/AcOH 1/1 (2.5 1) was refluxed for two hours. After cooling, the resulting mixture 
was evaporated under vacuum and the solid residue was dissolved in THF (4 1). The solid 
residue was filtered on Fluosil and then washed with additional THF (2 1). The pooled 
organic phases were concentrated to give a dark residue (203 g). This was treated with 
25 AcOEt/CH2Cl2 and the remaining solid was filtered off. Evaporation produced 120 g of 
title compoimd (465 mmol, yield 71.2%) that was used as such for the next step, m.p.= 
215-218^C 



Preparation 3 

5,6-Dichloromdole-2<'methanol. To an ice cold stirred IM solution of LiAlH4 in 
anhydrous THF (800 ml, 800 mmol) under argon, ethyl 5,6-dichloroindole-2-carboxylate 
(1 18 g, 457 mmol), dissolved in anhydrous THF (1 1), was added dropwise while keeping 
35 the temperature below 5°. Stirring at 0*" was continued for one hour, then the reaction was 
quenched with water (35 ml), 15% aq. NaOH (35 ml) and water (70 ml). The mixture was 
filtered on a Celite pad and washed with THF (2x500 ml). The organic phase was dried 
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(MgS04) and concentrated to give a residue (80 g) that was chromatographed with 
AcOEt/n-heptane 1/2 to give 52.0 g of pure tide compound (241 mmol, yield 52.7o/o) as 
an oiJ. 

5 Preparation 4 

5,6-DlchloroindoIe.2.carboxaIdehyde. A solution of 5.6-dichlo,oindole.2-methanol (43 
g. 199 mmol) in diethyl ether (1.3 1) was treated with activated MnO^ (64 g, 730 mmol) 
and stirred for 15 hours at room temperature. Additional MnO^ (20 g, 230 mmol) was 
added and stirring continued for 5 h. The suspension was filtered on a Celite pad, then the 
10 pad was washed with diethyl ether and warn, acetone. The pooled organic phases were 
concentrated to give 38.5 g of the title compound (180 mmol, yield 90.4%) that was used 
as such in the next step, m.p.= 207-208«*C 

Preparation 5 

15 Method A) Ethyl (E)-3-(5,6^ichloroindoI-2.yl).2.p„,peBoate. 5,6-Dichloro indole.2- 
carboxaldehyde (35 g, 164 mmol) was dissolved in toluene (1.5 I) under argon then 
(ethoxycarbonyimethylene)triphenylphosphorane (60 g, 176 mmol) was added'and the 
solution was refluxed for 3 h. The solvent ^ evaporated under reduced pressure and the 
residue chromatographed on silicagel with AcOEt/n-heptane 1/4 to give 28 0 g of pure 

20 title compound, m.p.= 188-190X (yield 60.1%). 

Method B). Ethyl (E)-3-(5,6-dichloroi„dol.2.yl)-2-propenoate. To a solution of 
tnethyphosphonoacetate (32.9 g, 147 mmol) in THF (150 ml), NaH (5.95, 148 mmol) 
was added portionwise under nitrogen maintaining the temperature between O-S'C in 30 
mm. After reaching room temperature, 5,6.dichloix>.lH.indol-2-carboxaldehyde (29 g 

25 135.5 mmol), dissolved in THF (200 ml), was added dn,pwise maintaining the internal 
temperature around 20°C (about Ih). TTie solvent was evapoiated under reduced pressure 
and the residue was treated with H,0 (200 ml) and EtOAc (500 ml). ITie organic layer 
was washed with brine, dried over Na,SO, and evapomted to dryness obtaining a residue 
that was triturated with hexane, filtered and dried under vacuum affording 34.5 g of the 

30 title compound, m.p.= 1 88-190X (yield= 89.6%). 



35 



Preparation 6 

(E)-3-(5,6-Dichloroindol.2-yl)-2.propen-lM)I. To a solution of ethyl (E).3.(5 6- 
dichloroindol-2-yl).2-propenoate (28 g, 98.5 mmol) in dry THF (500 ml) stirred under 
argon at -20« DIBAL (IM solution in hexane, 200 mmol) was added drx,pwise while 
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keeping the temperature below -20°. The stirring was continued for one hour, then the 
reaction was quenched with water (70 m). After wanning to RT diethyl ether (350 m) vras 
added and the suspension was filtered on a Celite pad. The pad was washed with diethyl 
ether (3x100 ml), then the pooled organic phase was dried (MgS04) and evsqjoiated to 
give 23.85 g of the title compound (98.5 mmol, yield 100%) that was used as such in die 
next step. 

Preparation 7 

(£)-3-(5,6-Dicbloroindol-2-yl)-2-propenaldehyde. To a solution of (E) 3-(5,6- 
dichloroindol-2-yI)-2-propen-l-ol (23.8 g, 98.3 nunol) in diethyl ether (800 ml) activated 
Mn02 (71 g, 8.76 mol) and NaCl (60 g) were added and the resulting suspension stirred 
for one day at RT. It was then filtered on a Celite pad repeatedly washed with AcOEt and 
the organic phase dried (MgS04) and evaporated to give 21 .0 g of the title compound 
(87.5 mmol, yield 89.0%) that was used as such in the next step. 

Preparation 8 

Methyl (2Z,4E)-5-(5,6-dichIoroindol-2-yI)-2-methoxy-2,4-pentadienoate. A solution 
of (E) 3-(5,6-dichloroindol-2-yl)-2-propenaIdehyde (15 g, 62.5 mmol), methyl 2- 
methoxy-2-(triphenylphosphonium)acetate bromide (31 g, 69.6 mmol) and DBU (10.5 
mL, 70.1 mmol) was refluxed for 4 h. The solvent was evaporated and the crude 
chromatographed on silicagel with AcOEt/n-heptane 1/4 to give 14.5 g of pure title 
compound (44.5 mmol, yield 71.1%) after trituration vwth diisopropyl ether, m.p.= 203- 
204''C 

Preparation 9 

(2Z,4E)-5-(5,6-Dichloroindol-2-yl)-2-methoxy-2,4-pentadienoic acid. A suspension of 
methyl (2Z,4E)-5-(5,6-dichloroindol-2-yl)-2-methoxy-2,4-pentadienoate (10 g, 30.7 
mmol) and KOH (3.6 g, 64.2 mmol) in EtOH/water 1/1 (460 ml) was refluxed for 3 h. 
The suspension after cooling to RT was poured into water (1.5 1), it was acidified with 2N 
HCl and extracted with AcOEt (2x1 1). The organic phase was washed with water and 
dried (MgS04), then concentrated and the residue taken up with CH2CI2. Filtration and 
drying in the oven at 50° produced 9.5 g of pure title compound (30.4 mmol, yield 
99.1%), m.p.=249-250°C 

'H-NMR (DMSO-de): 1 1.81 (bs, IH); 7.77 (s, IH); 7.53 (s, IH); 7.20 (dd, IH); 6.95 (d, 
IH); 6.84 (d, IH); 6.61 (s, IH); 3.74 (s, 3H) 
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Preparation 10 

l^^,6,6-Pentamethyl-4-piperidone hydr i dide. A solution of 2,2,6,6-tetramethyM. 
piperidone monohydrate (40 g, 23.1 mmol) and methyl iodide (98.31 g, 69.3 mmoi) in 
isopropyl alcohol (25 mL) was stirred at RT for 48 hours. The resulting suspension was 
filtered, the solid residue was dried and reciystallized from MeOH. After filtration and 
repeated washings with MeOH the solid was dried giving pure title compound (3 1 .6 g, 
10.6 mmol, yield 46.0%) as pale brown crystals. 

Preparation II 

l^^,6,6-Pcntamethyl-4-piperidone oxime. A suspension of l,2,2,6,6.pentamethyl-4- 
piperidone hydroiodide (3 g, 10.1 mmol) and hydroxylamine hydrochloride (980 mg, 14 
mmol) in water (6 ml) was stirred at RT for 1 5 minutes. Solid NaOH was added until 
basic pH and thickening of the suspension. Water (3 ml) was added and stirring at RT 
was continued overnight. The suspension was filtered and the solid washed with water 
(few ml) and dried. The solid was then dissolved in EtjO, the solution was dried (MgSO^) 
and concentrated to give after diying pure tide compound (1 .55 g, 8.41 mmol, yield 
83.3%) as white crystals. 

Preparation 12 

20 4.Amino-iaA6,6-pentamethyM-piperidiiie. LiAIH4 (925 mg, 24.4 mmol) was added 
under stirring at 0° under Ar to anhydrous THF (100 ml), followed by 1,2,2.6,6- 
pentamethyl-4-piperidone oxime (1 .50 g, 8. 14 mmol). The suspension wal refluxed for 2 
hours, then cooled to RT and stirred overnight. After cooling to 0« water (0.9 ml), 1 5% 
aq. NaOH (0.9 ml) and water (2.8 ml) were carefiiUy added dropwise. The suspension 

25 was stirred for 1 5 min at RT, then MgS04 was added and stirring continued for 30 
minutes. After filtration, the liquid was concentrated and the oily residue 
chromatographed on silicagel (CH2Cl2/Me0H/aq.NH3 95/5/1). The collected fractions 
were pooled and concentrated to give pure tide compound (750 mg, 4.40 mmol, yield 
54.1%) as a yellow oil. 



15 



30 



35 



Preparation 13 

(2Z,4E)-5-(Indol-2-yl)-2-methoxy-2,4-pentadienoic acid was prepared from 2- 
indolecarbaldehyde {Heterocycles, 1984. 22. 121 1) using the reaction sequence described 
m Preparations 5-9. m.p.=189-190°C 

Preparation 14 
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Ethyl 5-triflu r methyl-2-uidolecarboxyIate* 5-Trifluoromethylphenylhydrazine (5 g, 
28.4 mmol) was treated with ethyl pyruvate (3.3 ml, 30 mmol) in ethanol (15 ml) giving, 
after filtration, 5.4 g of the corresponding phenylhydrazone as a v^hite powder, m.p,=134- 
137°C. This compound (5.4 g, 19.7 mmol) was refluxed for 3 h in toluene (150 ml) in the 
5 presence of anhydrous /^-toluensulfonic acid (6 g, 34.8 mmol) obtaining 0.9 g (18%) of 
the title compound as a yellow powder, m.p.=153-154X 

Preparation 15 

(2Z,4E)-5-(5-Trifluoromethyiindol-2-yl)-2-methoxy-2,4-pentadienoic acid was 

10 prepared from ethyl 5-trifluoromethyl-2-indolecarboxylate using the reaction sequence 
described in Preparations 3-9. m.p.=191-193''C 

Preparation 16 

Ethyl S-bromo-2-indolecarboxylate was prepared from S-bromophenylhydrazine and 
1 5 ethyl piruvate using the procedure described in Preparation 1 4, m.p.= 1 60- 1 64°C 

Preparation 17 

(2Z,4E)-5-(5-BromoindoN2-yl)-2-methoxy-2,4-pentadienoic acid was prepared from 
ethyl 5-bromo-2-indolecarboxyiate using the reaction sequence described in Preparations 
20 3-9,m,p.=208-210**C 

Preparation 18 

2,6<-Dimethyl-4-(2-pyrimidmyl)piperazine dihydrochloride A solution of 1.71 g (15 
mmol) of 2,6-dimethylpipera2ine and 1.14 g (10 mmol) of 2-chloropyrimidine in 25 ml 

25 ethanol was refluxed for 16 hours. The reaction mixture was concentrated under reduced 
pressure, dissolved in 25 ml of water and extracted twice with 50 ml of methylene 
chloride. The organic phase was dried over MgS04 and concentrated under reduced 
pressure. The residue was dissolved in acetonitrile and treated with a solution of 
anhydrous HCl in ethanol. The sah was filtered and dried in vacuo to afford 1.70g of the 

30 title compound. 

Preparation 19 

3-[2,6-Dimethyl-4-(2-pyrimidinyl)piperazin-l-yl]propylamide. A mixture of 1 . 1 g (4. 1 
nmiol) of 2,6-dimethyl-4-(2-pyrimidinyl)piperazine dihydrochloride, 0.45 g (4.1 mmol) 
35 of 3-chloropropionamide, 3 g of 30% KF on Clarcel® in 25 ml acetonitrile was heated for 
72 hours at 150°C in a close vessel. After cooling to room temperature the mixture was 
filtered over a filtration aid and concentrated under reduced pressure. 
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The residue was dissolved in water, alkalinised with aqueous IN NaOH and extracted 
twice with 25 ml methylene chloride. The organic phase was dried over MgSO. and 
concentrated under reduced pressure. Ihe residue was then purified by chromatography 

; mp" 
Preparation 20 

L-AIH, we,, added .o a solution of 0.2 g (0.77 „™ol) of 3.p,6^i™«hyli<2 
pynmKii„yl)piperazi„-|.yl]p,„py,^ia, in 5 ml of diethylelherand 5 ml ofTOF He 
n..xn«e was «i„ed one hour a, room temperature and one additional hour a. .enux then 
the reaction was quenched by successive addition of 50 ul of water 50 ul „f l w 

|^O„a«.3x50ulw«er.Hemi«urewa3dilu.edwi.haie.Mer.fln^^^^^ 
MgSO. arf concentrate! under reduced p^ssute. The tesidue was pudfied by column 
dnxm^t^taphy on siUcagel (CH.Cl,. EtOH. NH.OH : 45. 5. 1) to afford 0.037 g of the 

Preparation 21 

3-[4^2,«-Dlm.«,ylph«or|)pip.r.^.,.y,jp„^,.„i„^^^2,6. 

Ptperazme (1 g, 5.23 mmol) in MeOH (10 ml) was cooled ,„ 0» and 0.305 g (5 73 mmol) 
of acnlomtrHe was add«i. The reaction was sti^d ovennght a. room tem^lture 3 
evaporated uttder vacuum afroniing 1 gofc™ic3-t4K2,6.iim.,hylphenyl)pipe,azi„.,. 

37/, HCl and hydrogenated under pressure (40 psi) with 0.2 g of 10% P*C. TTk reaction 
was my and evaporated to dryness obtaining 1 g of the title compound as a 
hydtochlortde salt, .hat was used wititout flmher purification for fl,e following .eaction. 

Example J 

TT^Vf^'T^'^ " "^(^•^E)-5-(5.6.dichloro..H.i«,ol.2. 
yl)-2-meau,xy-2.4-pentiidienoic acid (736 mg, 3.65 mmol), 4-amino-l 2 26 6- 

p^oamethyl^peridine (620 .ng. 3.65 nunol). .-hydr„xy-7.azabenzotri;,^;e hydrate 
(474.5 mg. 3.65 mmol)a«l l-(3-dimethylaminopropyl>3^d,ylcarbodiimide 
hydrochlonde (693.5 mg, 3.65 nunol) in DMF (2 ml) was stirred at RT overnight The 
solution was poured im brine (20 ml) and ,epeat«Uy exti^ with EtOAc. He organic 
Ph^^ewas washed witi, 5«/. aq. C^aCO,. dried (MgSO.) and evaporated under vacZ 
The restdu. was chromatogtaphed on silica gel using etityl ace,ate™ethanol:aq. ammonia 
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(32%) 90:10:2 as eluent mixture. The collected fractions produced the pure title 
compound (0.8, yield 73%) as yellow crystals, m.p.=212**C 

'H-NMR (200MHz, DMSO- d^): 1 .02 (s, 6H); 1.08 (s, 6H); 1 .44( t, 2H); 1.62 (m, 2H); 
2.18 (s, 3H); 3.70 (s, 3H); 4.07 (m, IH); 6.6 (m, 2H); 6.84 (d, IH); 7.14 (dd, IH); 7.51 (s, 
5 1 H); 7.75 (s, 1 H); 7.9 1 (d, 1 H); 1 1 .74 (s, 1 H, exch with D20) 

Two other isomers were isolated from the column chromatography: 

(2E,4E)-5-(5,6-Dichloro-lH-indoI-2-yI)-2-mcthoxy-N-(lt2^,6,6-peiitamethyl 

piperidin-4-yl)-2,4-pentadienamidc 

10 'H-NMR (200MHz, THF-dg,): 10.76 (s br, IH); 8.19 (dd, IH); 7.54 (s,lH); 7.40 (s,lH); 
6.93 (d br,lH); 6.51 (d, IH); 6.32 (d, IH); 5.92 (d,lH); 4.25-4.12 (m, IH); 3.70 (s, 3H); 
2.25 (s, 3H); 1 .72 (m, 2H); 1.32 (dd, 2H); 1.10 (s, 12H). 



(2Z,4Z)-5-(5,6-Dichloro-lH-indol-2-yl)-2-methoxy-N-(l^^,6,6-pentainethyl 
1 5 piperidin-4-yl)-2»4-peiitadienamide 

'H-NMR (200MHz, THF-d„): 10.48 (s br, IH); 7.58 (s,lH); 7.44 (s,lH); 7.22 (d, IH); 
6.99 (d br,lH); 6.61 (s br, IH); 6.59 (dd, IH); 6.42 (d,lH); 4.25-4.12 (m, IH); 3.75 (s, 
3H); 2.28 (s, 3H); 1.72 (m, 2H); 1.33 (dd, 2H); 1.1 1 (s, 12H). 
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LIST OF ABBREVIATIONS USED IN THE ABOVE PREPARATIONS AND 

EXAMPLES 



Florisil 



Registered trademark 



Celite 
DMF 
EI 

AcOEt 
FAB POS 
MS 
THF 
TSP 



Registered trade mark for dicaiite 
Dimethylformamide 
Electron Impact 
Ethyl acetate 

Fast Atom Bombardment / Positive ions detection 

Mass Spectrum 

Tetrahydrofiiran 

ThermoSpray 
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20 



25 



30 



35 



Bi 1 gical Assays 

Backsr.™d. I, is known tl^ ^ aachment to bone, an elccttogertc - adenosine 
mphosphatase (ATPa«) is polarised «, Ae osttoclast-bone iMert^e. Tb, pu^p 
tran^m massive quantities of protons into the reso^ion mioroenvi^nment to effeot 

' T TTZ"^ """^ PH required by coUagenases to 

degrade the bone matrix. ^ w 

Bla. (H, C Blara. al, Scie^e. US, 855 (1989)) and th«. confirmed by Bekfer (P , 
B*k„ e, al.. J. Bone M>n. Res.. 5. 569 (1 990)) and VHnlu^ IK.K. ViLnen fj'j 
CeU.B,o,.. .305 (,990)). Evidence was based upon p«ns of rufflT 
membnme ftagments from avian osteoclasts (obtained from the medullar bone of 
oateum-starved egg-laying hens). TTe „«ulUng membrane vesicles acidify in response ,„ 
ATT. whrch „ ..srly assessed by measuring the fluo.es«nce quench of aLineZTe a 
weak base which accumulates into acidic compartments «»line orange, a 

vacuo iJ^^'l^r^ '^ '"""^ "-P Wonged to the 

vaoBtar-hke ATPases smce pr«on aansport was inhibited by N-ethylmaleimide (NEM> 

as;^djyl.^en.andbybafilomych.A,ase.ecdveh,hiLrof:a^^^^ 
ATPases [J.E. Bowman etal., />>««. Afatf^carfS:,. MM. «5 7972(198«M : 
no. inhibited by ouabain, an inhibitor of Na^/K^-ATPas^ ^ 2Z^^T 

gastncH /K -ATPase (J.P. Mattson et al., ^«<, w., 1*1,253(1992)1 

It ,s known that specific iriubitors of vacuolar ATPas«i, such as briUwnycin A, 
^ able to mhrbrt bone resorption in os.«>clas, cultures (K. Sundqmst « oL^^'' 
Biaphys. Res. Commim. US, 309-313 (1990)] "locnem. 
INHIBmON OF PROTON TRANSPORT AND v-ATPase ACTIVITY IN 
MEMBRANE VESICLES « Al-llVITy IN 

P«p.,«lMi of crude bone mi.n»,mes iron, clci„m.s,.n.ed .ggJayta, 

V.«cl« were prepare, ftom medullar bone obtained trom Ubiae an^f Jurs of^ 

>«ap^ vmh a 24 scalpel blade, suspended in 40 ml of isolation medium (0.2 M sucrose 
50 mM KCUO mM Hepes. I mM EGTA. 2 mM dithiotheitrol, pH 7.4) Id fillr^' 

a . 00 Mm pore size nylon mesh. Tie whole procedure was perfonned a^^C 
Afto homogen,satK,n in a potter (20 stmkes) in 40 ml of isolation medium an initial ' 
^m«r^on (6,500 x g^ , 2, min, was performed to remove mitochonXi a^ 

^rtrL?',TT"' ' •"-d the pellet was 
collected m I ml of rsolatron medium, divided into 200 m .liq„„u,. immediately ft„«n ta 
hqutd mtt^gen and stored at .80»C. The protein content was determined usi^a st^ 
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colourimetric kit according to Bradford [M. Bradford, Anal. Biochem,, 72, 248 (1976)]. 
For the proton transport assay, 5-10 jil of membranes were used. 
Purificati n of osteoclast membranes. 1 ml of crude microsomal vesicles prepared 
above were applied (about 0.2 ml per tube ) on the top of a sucrose step-gradient 
5 consisting of 3.5 ml of 15%, 30% and 45 % (w/w) sucrose in isolation medium and 
centrifiiged at 280,000 g^ax 2 hours (SW 41 Ti rotor). After centrifiigation the 30- 
45% sucrose interfaces were collected, diluted approx. 20-fold in isolation medium and 
pelletted at 100,000 g^ax for 1 hour (SW 28 rotor). The pellet was then resuspended in 1 
ml of isolation medium, aliquoted and frozen in liquid N2 and stored at -80^C until used. 
10 Human kidney membranes were obtained from the cortex of a human kidney, frozen 
immediately after surgery, according to the method reported in the literatiu-e for bovine 
kidney (S. Gluck, J. Biol Chem., 265, 21957 (1990)). 

Proton transport in membrane vesicles was assessed, semi-quantitatively, by measuring 
the initial slope of fluorescence quench of acridine orange (excitation 490 nm; emission 
15 530) after addition of 5-20 fil of membrane vesicles in 1 ml of buffer containing 0.2 M 
sucrose, 50 mM KCl, 10 mM Hepes pH 7.4, 1 mM ATP.Na2, 1 mM CDTA, 5 jiM 
valinomycin and 4 fxM acridine orange. The reaction was started by addition of 5 mM 
MgS04. Results were expressed as the percent of the mean of two controls. 

20 Inhibition of bafilomycin-sensitive ATPase activity was assessed in purified membrane 
vesicles by measuring the release of inorganic phosphate (Pi) during 30 min of 
incubation at 37°C in a 96-well plate either in the presence or in the absence of 
bafilomycin Al, The reaction medium contained 1 mM ATP, 10 mM HEPES-Tris pH 8, 
50 mM KCl, 5 uM valinomycin, 5 uM nigericin, 1 mM CDTA-Tris, 100 uM ammonium 

25 molybdate, 0.2 M sucrose and membranes (20 ug protein/ml). The reaction was initiated 
by MgS04 (8-arm pipette) and stopped, after 30 min, by addition of 4 volumes of the 
malachite green reagent (96-arm pipette) prepared according to Chan [Anal Biochem. 
157, 375 (1986)]. Absorbance at 650 nm was measured after 2 min using a microplate 
reader. Results are expressed as ^mol (Pi) x mg protein* 1 xhour"! and, for each 

30 experiment, represent the meandbsem of triplicates. 
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PHARMACOLOGICAL DATA: 

INfflBITION OF BAFILOMYCIN-SENSITIVE ATPASE IN CHICKEN 
OSTEOCLASTS 



The compounds of the present invention are able to inhibit bafilomyci 



in-sensitive ATPase 



Ex. No 


**^50 v.nM> ATPase assay 


1 


24 


55 


23 


59 


24 


61 


41 


62 


30 


64 


67 


68 


18 


74 


42 


75 


30 



INHIBITION OF BONE RESORPTION 
In Vitrn «««ayff 

1) Bone resorption by disaggregated rat osteoclasts can be assessed as described 
pievously in the literature [T. J. Chambers et al., Endocrtnology. ,985, 116, 234]. Briefly 
os^lasts were mechanically disaggregated ftom neonatal rat long bones into Hepes- 
buffered medium 199 (Flow. UK). The suspension was agitated with a pipette, and the larger 
fiBgments were allowed to settle for 30 sec. The cells were then added to two wells of a 
mulnwell dish containing bone slices (each measuring 12 mm2). After 15 min at 37«>C the 
bone shoes were removed, washed in medium 199 and placed in individual wells of a 96- 
well plate. These were incubated for 24 hrs in a total volume of 2 ml of culture medium 
cons,stmg of 1 Oo/o foetal calf serum in Hanks-buffer^d MEM. in the presence or absenc^ of 
drug. The number of osteoclasts and bone resorption wei^ quantified by confocal laser 
scanning microscopy (CLSM): the bone slices were fixed with 2% glutaraldehyde in 0 2 M 
cacodylate buffer and the osteoclasts on each bone slice were stained for tartrate-resistant 
acd phosphatase. After counting the number of large, multinucleated, red-stained cells the 
bone shces were immersed in 1 0% sodium hypochlorite for 5 min to «move cells. wash«l in 
drsulled water and sputter-coated with gold. The entire surface of each bone slice was then 
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examined in CLSM. The number and the size of the osteoclastic excavations, the plain area 
and the volume of bone resorbed was recorded. Results were expressed as mean pit number 
per bone slice, mean pit number per osteoclast, mean area per osteoclast or mean volume per 
osteoclast. 

5 2) Bone resorption by human osteoclasts can be assessed using a modification of the 
method above. Briefly, human osteoclasts are purified from human giant cell tumours by 
negative selection using Pan Human HLA II antibodies in conjunction with Dynal magnetic 
beads. Osteoclasts are seeded onto bovine bone slices in Hepes-buffered medium 199 (Flow, 
UK). After 30 minutes, the bone slices are transferred into a 24-well multi-plate (4 slices per 
10 well) containing 2 ml/well of medium, consisting of 1 0% foetal calf serum in D-MEM. One 
hour later, vehicle (DMSO) or test compounds at different concentrations in DMSO were 
added and incubation was continued for 47 hours. Bone slices were then treated and analysed 
as described above for the rat osteoclast assay. 

3) Inhibition of PTH-stimulated ^^Ca^* release from pre-labelled foetal rat long bone. 

1 5 The assay is based on that described by Raisz (J. Clin. Invest, 44: 1 03- 1 1 6, 1 965), Time- 
mated Sprague-Dawley rats were injected subcutaneously with 200 mCi of '*^CaC12 on the 
1 8th day of gestation. On the following day, the foetuses were removed aseptically and the 
radii and ulnae were dissected free of adjacent soft tissue and the cartilaginous ends, and then 
cultured for 24 hr at 37°C in BGJ medium containing 1 mg/ml BSA. The bones were then 

20 transferred to fresh medium containing the test compounds (0. 1 - 50 nM) with and without 
PTH (12 nM) and were incubated for an additional 48 hr. The media were collected and the 
bones extracted to determine the mean % calcium release by scintillation counting. Results 
were expressed as the % inhibition compared to the amount of calcium released from 
cultures incubated with PTH alone 

25 

In vivo assays 

Prevention of retinoid-induced hypercalcaemia. The method used was that described by 
Trechsel et al., (J. C///I. /nve^r. 80:1679-1686, 1987). Briefly, male Sprague-Dawley rats 

30 weighing 1 60-200 g ( 1 0 per group) were thyroparathyroidectomised and were treated 

subcutaneously with the retinoid Ro 13-6298 (30 Mg/day) for three days and this was found 
to significantly increase blood serum calcium by 4-5 mg/IOO ml. For inhibition of this 
effect, rats were treated simultaneously with test compounds i.v. or p.o. at 0.1 - 100 mg/kg, 
or vehicle and blood calcium was measured as described above, before treatment and one 

35 day afier the last administration. Results were expressed as % inhibition with respect to 
vehicle-treated animals. 
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Preventi n of bone 1 ss in osteoporosis induced by ovariectomy and immobilisati n. 
Seven groups of 10 Sprague-Dawley rats (200 g) underwent ovariectomy plus neurectomy of 
the sciatic nerve in the right hind limb, while one group was sham^peiated according to the 
method described by Hayashictal..(fi^>»e 10:25-28, 1989). It was demonstrated that a 
steady-state was attained in the amount of trabecular bone lost 6-12 weeks after the 
operations. During a 6.week period, the operated animals received the test compounds (0. 1 
- 100 mg/kg P.O. u.i.d.), or vehicle. At the end of this treatment period, the animals were 
sacrificed and the tibia and femur of the hind limb removed. The tibia wet and diy weight 
were detemined. and the density (displacement of water) and ashes content (total weight 
calcium and phosphorous content) also measured. The femur were fixed in 10% formalin 
de-mineralised in 5% fonnic acid and the coronal midshaft and longitudinal section of the 
distal metaphysis cut and stained with haematoxilin and eosln. Histomoiphometric 
evaluation was made using a semi-automated image analyser (Immagini & Computer. Milan 
Italy). In the distal metaphysis, the % trabecular bone area in the secondary spongiosa 
(which is the trabecular bone 1 mm from die epiphyseal growth plate to about 4 mm towards 
the midshaft giving a total area of 5 mm^) and the number of trabeculae (according to Parfitt 
ctal.. J. WA««.J««. 2: 595. (1987)) were determined In all animals. In the midshaft the 
medullary, cortical (CA) and total (TA) cross-«rctional area was measured and the cortical 
index (CI) determined from the formula CI = CA/TA. 



Prevention of bone loss in ovariectomised mature rats. The metfiodology employed is 
based on that described by Wronsky et al. [J.Bone Min.Res,A 387 (1991)]. TTie bone loss 
prevalently cancellous, occuring after the surgery is monitored by dual emission X-ray 
absorptiometry (DEXA) measurements of bone mineral density (BMD) of long bones and by 
HPLC measurements of urinary levels of products of bone collagen breakdown, such as the 
cross-link residues pyridinoline (PYD). deoxypyridinoline (DPD) and lysine glycosides i . 
galactosyl-hydroxylysine (GHYL) and glucosyl-galactosyl-hydroxylysine (GGHYL) 
Groups of 7-10 female Sprague-Dawley rats, about 90 days old and weighing 200-250 g are 
used. Rats are anesthetised by sodium pentobarbital (35 mg/kg i.v.). laparotomy is performed 
30 and ovaries are bilaterally removed . Wounds are adequately disinfected and sutured A 

group IS sham operated. During a 4-week experimental period, the operated animals receive 
test compounds in the appropiate vehicle (0. 1-100 mg/kg p.o. u.i.d.) or vehicle alone. 
Twenty-four-hr urine samples are collected for PYD, DPD, GHYL and GGHYL 
determinations before and 2. 4, 8, II, 15, 18,22and25daysaftersu,Beiy.TheaIiquotsof 
35 urme are frozen and stored at -20' C until HPLC analysis. 

Before and at the end of the experimental period, the bone metaphyseal mineral densities of 
left distal femur and proximal tibia were evaluated in vivo using lightly anaesthetised 
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animals. Results are expressed as % of prevention of bone loss versus vehicle treated 
animals, using the following equation, where BMD indicates the bone mineral density at the 

end of the experimental period and is expressed as the percent of pre-ovariectomy baseline: 

BMD(treatment) - BMD(vehicle) 
Percent prevention = ^ ^ x 100 

BMD(sham) - BMD(vehicle) 
BIOLOGICAL DATA FOR COMPOUND OF EXAMPLE I 
Human Osteoclast Resorption Assay IC50 =3.4 nM 

Human Kidney ATPase assay IC50 = 363 nM 

Protection of bone loss in ovariectomised mature 
rats at 10 mg/kg p.o. 76% 



OTHER THERAPEUTIC UTILITIES: 

The activity of the compounds of the invention for the other utilities mentioned herein may 
be determined by according to the following methods which are incorprated herein: 
L Antitumor activity may be determined according to the methods disclosed in published 
1 5 International Application, Publication number 93/1 8652; in particular the screen employed, 
experimental details and bibliography of M.R. Boyd et al-, Statm of the NCI preclinical 
antitumor drug discovery screen; principles and practices of Oncology^ 3, issue 10, Oct. 
1989, Lippincott. 

2. Antiviral activity may be assessed using the in vitro assays reported by H. Ochiai et al., 
20 Antiviral Research, 27, 425-430 (1995) or by C. Serra et aK, Pharmacol. Res., 29, 359 

(1994). Anti-HIV activity can be assessed as reported in the literature, for example by S. 
Velasquez et al., J. Med. Chem., 38, 1641-1649 (1995) 

3. Antiulcer activity may be assessed in vivo using the methods reported in the literature, for 
example, as described by C J. Pfeiffer, Peptic Ulcer , C J. Pfeiffer Ed., Munksgaard Publ., 

25 Copenaghen, 1 971 . In vitro assays for inhibition of vacuolization induced by Helicobacter 
pylori are described, for example, by E. Papini et aL, FEMS Microbiol. Lett., 113, 155-160 
(1993) 

4. Usefulness in treating Alzheimer's disease may be determined using models in vitro such 
as inhibition of amiloyd-p production as descrided in the literature by J. Knops et al., J. BioL 

30 Chem., 270, 2419-2422 (1995) or by models in vivo: such as the transgenic mouse model 
overexpressing human APP reported by D. Games et al.. Nature, 373, 523-527 (1995). 

5. Immunosuppressant activity can be assessed as reported in the literature, for example by 
M.-K. Hu et al. J. Med. Chem. , 38, 4164-4170 (1995) 

6. Antilipidemic activity can be assessed as reported in the literature, for example by E.A,L. 
35 Biessen et al., J. Med. Chem. , 38, 1846-1852 (1995). Antiatherosclerotic activity may be 

assessed by using animal models of atherosclerosis, such as the atherosclerotic rabbit model, 
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Which are reported in the literature, for example by R.J. Lee et al.. J. Pharm Exp Ther 184 
105-112(1973). Z'- 'wr., 1114, 

7. Angiostatic activity may be assessed using the methods reported in the literature for 
example as described by T. Ishii et al., J. Antibiot. . 48, 1 2 ( 1 995). 
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Claims: 



1 . A selective inhibitor of the biological activity of hiiman osteoclast cells, providing 
that such an inhibitor does not include any specific Example disclosed in WO 96/21644. 

2. An inhibitor according to claim 1 , which is selective for the vacuolar H^-ATPase 
located on the ruffled border of human osteoclasts. 

3. An inhibitor according to claim 1 or claim 2, which interacts specifically with the 
16 kDa subunit or the 1 1 6kDa subunit of the vacuolar H^-ATPase located on the ruffled 
border of human osteoclasts. 



A compound of formula (I): 



:0: 



^ a) 

or a salt thereof, or a solvate thereof, wherein: 

Ra represents a group R5 which is hydrogen, alkyl or optionally substituted aryl and Rb 
represents a moiety of formula (a): 



R4 R 

'C=C- 
I 



:C— C=C 

wherein X represents a hydroxy or an alkoxy group wherein the alkyl group may be 
substituted or unsubstituted or X represents a group NR^Rt wherein Rg and R^ each 
independently represent hydrogen, alkyl, substituted alkyl, optionally substituted alkenyl, 
optionally substituted aryl, optionally substituted arylalkyl, an optionally substituted 
heterocyclic group or an optionally substituted heterocyclylalkyl group, or Rg and Rt 
together with the nitrogen to which they are attached forai a heterocyclic group; Rj 
represents an alkyl or a substituted or unsubstituted aryl group; and R2, R3 and R4 each 
independently represent hydrogen, alkyl, aryl or substituted aryl 

R^ and R7 each independently represents hydrogen, hydroxy, amino, alkoxy, optionally 
substituted aiyloxy, optionally substituted benzyloxy, alkylamino, dialkylamino, halo, 
trifluoromethyl, trifluoromethoxy, nitro, alkyl, carboxy, carbalkoxy, carbamoyl, 
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alkylcarbamoyi, or and R7 together represent methylenedioxy, carbonyldioxy or 
carbonyldiamino; and 

R8 represents hydrogen, hydroxy, alkanoyl. alkyl, aminoalkyi, hydroxyalkyl 
c^boxyalkyl, carbalkoxyalkyl. carbamoyl or aminosulphonyl; pn,viding that such an 
5 inhibitor does not include any specific Example disclosed in WO 96/21644. 

5. A compound according to claim 4, wherein R, represents methyl. 

6. A compound according to claim 4 or claim 5, wherein R2. R3 and R4 each 
1 0 independemly represent hydrogen, alkyl or phenyl. 

7. A compound according to any one of claims 4 to 6, wherein R5 is hydrogen. 

8 A compound according to any one of claims 4 to 7. wherein R. and R7 
1 5 hydrogen, halo, trifluoromethyl and alkoxy. 



are 



I's 6-chlora'"'"""' ' ^ ''^'^'^^ ^7 

hydroget ^""^''""^ ""^ *° ^' ^"^^^ "^P^"^ 

11 . A compound according to any one of claims 4 to 10, wherein X represents N R, 

25 

12. A compound according to claim 11, wherein R^ and Rj each independently 

optionally substituted aiylalkyi, an optionally substituted heterocyclic group or an 
30 optionally substituted heterocyclylalkyl group. 
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wherein Z] is N or CX5 wherein X5 is selected from hydrogen, alkyl, alkoxy, 
alkylcarbonyl, aiyl. aiyloxy or arylcarbonyl and Z2, X3 and X4 are each independently 
selected from hydrogen, alkyl, aiyl, cyano, amino, heterocyclyloxy, alkoxy 
carbonylalkyloxy, carboxyalkyloxy, aminoalkyloxy, aminoalkylamino, 
aminoalkenylamino (especially aminomethyleneamino) and alkanoylamino. 

15. A compound according to claim 1 3, wherein Rg and Rj together represent a group 
of formula (H2): 




wherein X5, X7, Xg, X9, Xiq, Xj j, X12 and Xi 3 are each independently selected from 
hydrogen, hydroxy, alkyl, suitably Ci^ alkyl. cycloalkyl (suitably spirocondensed). 
mono or poly hydroxyalkyl. aikoxyalkyl, hydroxy-alkoxyalkyl, alkanoyl. alkoxycarbonyl, 
aminoalkyl (optionally alkylated or ac^lated at nitrogen); 

or one of Xe with X12 and Xg with Xjq represents a alkylene chain and the 
remaining variables X7, X13, X9 and Xj 1 each independently represent hydrogen, 
hydroxy, alkyl , suitably €1.5 alkyl, cycloalkyl (suitably spirocondensed), mono or poly 
hydroxyalkyl, aikoxyalkyl, hydroxy-alkoxyalkyl, alkanoyl, alkoxycarbonyl, aminoalkyl 
(optionally alkylated or acylated at nitrogen); and X14 represents hydrogen or lower 
alkyl, mono or polyhydroxyalkyi, mono or diaminoalkyl, aminocarbonyl, alkyl, 
carboxyalkyl, carbalkoxyalkyl, aryl, heterocyclyl, acyl, carbamoyl, 
alkylamino(cyanimidoyl), aminoalkanoyl, hydroxyalkanoyl. 
X5, X7, X12 and Xi3 each represent hydrogen. 

1 6. A compound according to claim 1 5, wherein Xg, and X9 each independently 
represent hydrogen or alkyl. 



-81- 

SUBSTITUTE SHEET (RULE 26) 



5 



WO 98^1443 

PCT/EP97/03577 

17. A compound according to claim 15, wherein Xjq and Xj i each independently 
represent hydrogen or alkyl. 

18. A compound according to claim 15, wherein X, 4 represents alkyl 

19. A compound according to claim 15. wherein Xg. X9. Xjq and Xi , each 
mdependently represent methyl and X6, X7, X,2 and X13 each represent hydrogen. 

10 1 H / "'^^^^'^^S to claim 1. wherein R, is €,,6 alkyl, R^, R3, R^ and Rg 
10 -ehydregen.R^,s5.halo.R7is6-halo.andXisamoietyNR,R,wher^^^ ' 
hydrogen and Rg is a moiety of fonnula (f) or a moiety (HI) or (H2). 

ll « ^ "^"^"^ "^^^ «f --apples 1 to 

79; or a salt thereof, or a solvate thereof 

15 

47 51 t.^^^rf^^'^^^^ 34,35, 
47, 51, 55, 56.59, 68 and 74; or a salt thereof, or a solvate thereof 

20 solvatethereof,whichprocesscomprisesreactingacompoundofformulaai)^^^ 




Rg "^4 R2 

wherein R2. R3. R4. R^. R7 and Rg are as defined in relation to formula (ir^ith a 




O 



(i) converttag om, compound of fonnul. © into «x,tl«r compound of formula ffi- 
(n; removmg any protecting group; 
(iii) preparing a salt or a solvate of the compound so fonned. 



30 
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24 A pharmaceutical composition comprising a selective inhibitor of the 
pharmacological activity of human osteoclast cells according to claim 1, and a 
pharmaceuticaliy acceptable carrier therefor. 

5 25. An inhibitor of a manunalian osteoclasts according to claim 1, for use as an active 
therapeutic substance. 

26. The use of a selective inhibitor of the biological activity of human osteoclast cells 
according to claim 1, for the manufacture of a medicament for the treatment and/or 

10 prophylaxis of diseases associated with over activity of osteoclasts in mammals. 

27. A method for the treatment and/or prophylaxis of diseases associated with over 
activity of osteoclasts in mammals which method comprises the administration of an 
effective non-toxic, pharmaceuticaliy amount of a selective inhibitor of manunalian 

1 S osteoclasts according to claim 1 . 



20 
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